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APPENDIX  I 


PHYSICAL  FACTORS 
DESCRIPTION  OF  THE  AREA 

The  San  Antonio  River  Watershed^  which  has  a total  area  of  I4.SI86 
square  miles ^ lies  entirely  7/ithin  the  State  of  Texas  0 The  river  is 
the  largest  tributary  of  the  Guadalupe  Rivero 

The  San  Antonio  River  rises  at  San  Antonio  Springs  in  the  city  of 
San  Antonio^  although  the  Medina  Rivers  its  major  tributary g heads  in 
northwestern  Bandera  County  75  miles  to  the  northwest o The  river  flows 
in  a southeasterly  direction  to  its  junction  with  the  Guadalupe  River 
about  10  miles  from  San  Antonio  Bay  on  the  Gulf  of  Mexico o The  San 
Antonio  River  Yfatershed  has  an  overall  length  of  approximately  195  miles 
and  a maximum  width  of  about  miles o It  is  bordered  on  the  east  and 
north  by  the  Guadalupe  River  Watershed  and  on  the  west  and  south  by  the 
Nueces  and  Mission  River  Watersheds o 

The  principal  tributaries  of  the  San  Antonio  River  from  the  head“= 
waters  downstream  are  Olmos  and  Salado  Creeks g the  Medina  River  and 
CibolOg  EcletOg  Escondido  and  Manahuilla  C reeks o 

PROBLEM  AREAS  IN  SOIL  CONSERVATION 

The  San  Antonio  River  Yfetershed  is  composed  of  parts  of  5 problem 
areas  in  soil  conservationo  These  problem  areas  are  distinguished  by 
uniform  physical  and  economic  characteristics  and  are  used  as  units  to 
facilitate  hydrologic  and  economic  investigations  figure  lo  Each  problem 
area  in  soil  conservation  is  an  association  of  soilg  crop  adaptationg 
topographyg  cover  and  land  utilization  and  is  characterized  by  essentially 
uniform  rates  of  runoff g sedimentation  and  deterioration  of  soil  resources o 
A brief  description  of  each  problem  area  in  soil  conservation  is  given  in 
the  following  pages o 

Edv^rards  Plateaus  The  Edwards  Plateau  occupies  about  26  percent  g 
table  Ig  of  the  San  Antonio  River  Watershed  and  is  located  in  the  extreme 
headwaters g figure  lo  The  area  is  underlain  by  limestone  and  is  an  area 
of  rugged  hills  and  narrow  valleys  deeply  dissected  by  streams o The 
dividing  line  of  the  Edwards  Plateau  area  and  the  Rio  Grande  Plain  is 
sharply  defined  by  the  steep  hills  and  limestone  bluffs  that  mark  the 
Balcones  Escarpment o General  land  elevations  range  from  about  2g500  feet 
above  sea  level  in  northwestern  Bandera  County  to  approximately  IgOOO 
feet  along  the  escarpment  just  above  San  Antonioo  Topography  is ’usually 
unsuited  to  cultivation  and  soils  are  fine  texturedg  shallow  to  very  shallow 
and  stony 0 Present  plant  cover  is  brushy  grassland  or  a sparse  and  uneven 
grass  cover  with  various  amounts  of  live  oakg  cedar g mesquite  trees  and 
brusho 
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About  92  percent  of  the  area^  table  2^,  is  grassland  pastured  by 
sheep^  goats  and  cattle^  Land  used  for  crop  production  occupies  about 
6 percent  of  the  area  and  is  usually  divided  between  the  narrow  valleys 
along  major  drainages  and  the  smooth  divides o 

Rio  Grande  Plains  This  problem  area  in  soil  conservation  consists 
of  a rolling  plain  with  a general  regional  slope  to  the  southeast o It 
occupies  approximately  66  percent  of  the  watershed^  extending  from  just 
north  of  San  Antonio  to  the  mouth  of  the  river o Most  of  the  area  lies 
at  elevations  between  200  and  7OO  feet  above  mean  sea  level  although 
extreme  elevations  range  from  about  I4.O  feet  at  the  mouth  of  the  San 
Antonio  River  to  about  800  feet  at  the  foot  of  the  Balcones  Escarpment o 

Upland  soils  in  central  Bexar  and  western  Karnes  counties  are 
primarily  deepg  dark  colored g fine  textured  and  slowly  permeable  with 
marlg  clay  or  chalky  marl  parent  materials  0 Deep^  medium  textured g 
slowly  permeable  sandy  soils  with  marl  parent  materials  occur  in  south™ 
ern  Bexar  and  most  of  Wilson  counties o An  exception  to  this  is  a strip 
of  loose  sandy  soils  which  cuts  across  the  area  in  northern  Wilson  and 
south-central  Bexar  counties o East  from  Karnes  City  and  north  from 
Goliad  the  uplands  are  a mixture  of  deepg  fine  textured  and  slowly 
permeable 5 deepg  medium  textured  and  slowly  permeable  1 and  deepg  medium 
textured  and  permeable  soils o The  parent  materials  are  predominately 
marls  g clays  and  sandy  clays<=  South  from  Goliadg  in  the  rolling  to  flat 
area  reaching  to  the  mouth  of  the  San  Antonio  River g the  soils  are 
predomdnately  medium  textured  and  slowly  permeable o 

Alluvial  soils  are  found  in  both  terrace  and  bottom  positions o 
Most  of  the  terrace  soils  are  deepg  fine  textured  and  permeable  dark 
colored  loams  while  bottomland  soils  are  usually  deepg  fine  textured  and 
slowly  permeable o 

Plant  cover  for  the  Rio  Grande  Plain  area  can  be  broken  down  into 
3 distinct  plant  type  as soc iat ions g figure  2o  They  are  the  Mixed  Prairie 
type  in  west™central  Bexar  and  northeastern  Medina  counties?  the  Post 
Oak  Savanna  type  which  occupies  narrow  bands  across  the  watershed  in 
Goliadg  Wilson  and  southwestern  Bexar  counties!  and  the  Coast  Prairie 
type  in  the  remainder  of  the  areao 

About  65  percent  of  the  Rio  Grande  Plain  is  grassland  which  is 
used  primarily  for  grazing  of  beef  cattle o Approximately  ^0  percent  of 
this  area  is  cropland  and  a small  amount  is  in  irrigated  truck  crops g 
but  the  majority  is  used  for  general  crops o About  8 percent  of  the  area 
is  in  non-farm  and  miscellaneous  useo 

Blackland  Prairie;  The  Blackland  Prairie  area  is  located  principally 
in  northwestern  Guadalupe  County  and  occupies  about  2oU  percent  of  the 
watershed 0 Surface  topography  is  generally  rolling  with  some  smoothly 
undulating  and  flat  areas®  Sheet  erosion  is  active  and  is  generally 
classed  as  severe  to  critical  in  natureo 

Soils  of  this  area  were  formed  from  marlg  chalk  and  calcareous 
clays  and  are  usually  dark  colored  and  of  heavy  clay  texture®  Both 
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surface  soils  and  subsoils  are  granular  in  structure  when  dry  and  deep 
cracking  is  a common  characteristic  during  prolonged  dry  spells o The 
soils  swell  on  wetting  and  a high- percentage  of  the  rainfall  runs  off 
as  surface  flowo  Plant  cover  wa.s  originally  bluestem  grasses  with  a 
scattered  growth  of  mesquite  trees  and  is  now  largely  mesquite  and  other 
brushy  growth  with  few  desirable  grasseso  Ranges  are  generally  in  poor 
conditions  o 

This  is  the  most  intensively  cultivated  area  in  the  San  Antonio 
River  Watershed  with  about  71  percent  in  cropland ^ 27  percent  in  pasture 
and  the  remainder  in  non^farm  and  miscellaneous  useso 

Forested  Coastal  Plains  This  area  of  deep^  medium  textured  and 
slowly  permeable  soils  and  deep»  coarse  textured  and  freely  permeable 
soils  is  located  in  eastern  Wilson  County  from  about  Cibolo  Creek  east 
and  covers  about  3 percent  of  the  San  Antonio  River  Watershedo  Topo° 
graphy  is  undulating  to  rolling  with  a savanna  type  plant  cover  of  post 
oakj,  blackjack  oak  and  live  oak  trees  with  various  native  grasses  and 
weeds  o 

Erosion  damage  varies  widely  in  accordance  wdth  the  erodibility  of 
the  land  and  with  past  land  usso  In  the  major  portion  of  the  area  the 
open  porous  soils  absorb  rainfall  rapidly  and  there  is  little  surface 
runoff  with  limited  possibility  for  soil  remcvalo  The  remainder  of  the 
area  consists  of  sandy  soils  with  slowly  permeable  subsoils o This  con- 
dition  is  conducive  to  runoff  and  soil  losso  Wind  erosion  is  a hazard 
on  the  cultivated  deep  sandy  soils o 

Approximately  18  percent  of  this  area  is  usually  planted  in  peanuts g 
watermelons  a oorna  grain  sorghums  a cotton  or  other  crops o About  80 
percent  is  in  pasture  use  and  the  remaining  2 percent  is  in  miscellaneous 
and  non=farm  useso 

Coast  Prairies  This  problein  area  in  soil  conservation  occupies 
approximately  that  portion  of  Victoria  County  drained  by  the  San  Antonio 
River  or  about  0o7  percent  of  the  total  watershed  areao  The  topography 
is  smooth  to  flat  and  elevations  range  from  UO  to  100  feet  above  mean 
sea  level o Soils  are  black  to  dark=gray  in  color ^ with  dark=gray  heavy 
clay  subsoils  over  slightly  calcareous  clay  parent  materials o Surface  and 
internal  drainage  is  usually  slowo  Native  vegetation  consists  chiefly 
of  a thick  cover  of  coarse  prairie  grasseso  About  6Ij.  percent  of  this 
area  is  in  grass landg  3U  percent  in  cropland  and  3 percent  in  miscellaneous 
uses  o 


GEOLOGY  AND  PHYSIOGRAPHY 

The  Gulf  Coastal  Plain  and  the  Great  Plains  physiographic  provinces 
contain  the  San  Antonio  River  Watershedo  Within  the  San  Antonio  River 
Watershed  the  division  between  the  Great  Plains  and  the  Gulf  Coastal 
Plain  is  a prominent  southeast  facing  escarpment^  produced  by  fault ingg 
known  as  the  Balcones  Escarpment o It  enters  the  watershed  in  norths 
east  Medina  County  and  continues  in  a direction  approximately  60  degrees 
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east  of  north  through  Bexar  County  and  southwestern  Comal  Countyo  The 
locations  and  boundaries  of  the  physiographic  sections  and  outcrops  of 
the  principal  geologic  formations  are  shown  in  figure  3°  Geologic 
formations  ranging  in  age  from  Cretaceous  to  Recent  are  represented  in 
the  watershedo  Descriptions  of  the  various  sections  follow  and  table  3 
describes  the  geologic  formations  included  within  the  sections o 

Great  Plains  Province 

Edwards  Plateau  Sections  This  region  is  a sub=maturely  dissected 
plateaup  consisting  of  rolling  prairie  uplands ^ steep  valley  walls  and 
mesa  slopes  ^ with  local  relief  ranging  from  I|.00  to  800  feeto  The  age 
of  all  formations  in  the  Edwards  Plateau  section  of  the  watershed  is 
Lower  Cretaceous o The  level  to  undulating  uplands  are  underlain  by  the 
Washita  and  Fredericksburg  groups | the  former  consisting  of  the  hard 
and  close  grained  Georgetown  limestone p the  Grayson  shale  (formerly 
Del  Rio  clay  = the  "big  mud"  of  well  drillers)  and  the  uniformly  dense 
and  hard  Buda  limestone o Formations  of  the  Fredericksburg  group  are 
the  Edwards  limestone g a cavernous  and  flinty  stratum^  the  Comanche 
Peak  limestone  and  the  Walnut  clayo  In  the  vicinity  of  the  streams  which 
have  sharply  dissected  the  plateau  borders  the  Edwards  limestone  forms 
prominent  vertical  bluffs  and  steep^  rugged  valleys o 

The  Trinity  formations  which  is  represented  almost  entirely  by  the 
Glen  Rose  limestone ^ includes  alternating  hard  and  soft  layers  of  from 
one  to  a few  feet  in  thickness ^ which  wreather  to  a succession  of  small 
benches s giving  the  hillsides  a characteristic  terraced  appearance o 

Balcones  Escarpment g A prominent  feature  of  the  watershed^  already 
referred  to^  is  the  Balcones  Esca,rpment  which  passes  through  the  area 
in  a southwest “northeast  directiono  To  the  northwest  of  the  escarpment 
the  country  is  high  and  hillyi  to  the  southeast  the  land  is  hilly  in 
places  8 but  on  the  average  is  much  lower  in  elevation  and  includes  a 
larger  amount  of  level  land  and  flood  plaino  The  escarpnent  indicates 
the  location  of  the  large  faults  and  dips  of  the  Balcones  fault  zone o 
The  escarpment  becomes  less  abrupt  from  west  to  east  as  the  Edw'ards 
Plateau  rises  more  gradually  from,  the  lowlands o 

Gulf  Coastal  Plain  Province 

Black  Prairies  This  section  includes  all  of  the  Upper  Cretaceous 
formations  which  occur  in  the  watershedo  It  is  characterized  by  long 
gentle  slopes g dark  clay  soils  of  high  fertilityg  well  developed  drainage 
and  low  relief o The  rock  formations  include  a series  of  limestones g marls 
clays  and  chalks  of  the  Eagle  Fordg  Austing  Taylor  and  Navarro  groups o 
The  beds  of  these  formations  have  low  southeasterly  dips,  and  the  western 
edge  of  the  more  resistant  strata  form  low  westward  facing  escarpments o 
The  arrangement  and  approximate  location  of  these  formations  are  shown 
in  figure  l;o 

South  Texas  Coastal  Flaini  Immediately  southeast  of  San  Antonio 
the  San  Antonio  River  enters  the  area  of  outcrop  of  Tertiary  sands  and 
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sandy  clayso  These  include^  in  descending  order^  the  Midway^  Wilcox^ 
Claiborne  and  Jackson  groups  of  Eocene  ag©g  the  Catahoula g Oakville  and 
Lagarto  formations  of  Miocene  age^  the  Goliad  formation  of  Pliocene  age g 
and  the  Lissie  formation  of  Pleistocene  ageo  This  is  the  South  Texas 
Coastal  Plain  and  corresponds  to  the  Rio  Grande  Plain  and  Forested  Coastal 
Plain  problem  areas  in  soil  conservationo  The  surface  consists  principal- 
ly of  alternating  bands  of  clays  and  sands o Outcrops  of  lignite g 
glauconite j,  volcanic  ash  and  iron  oxide  occur  throughout  the  Eocene  and 
Miocene  formations o In  general  the  area  is  one  of  subdued  relief g wide 
shallow  valleys  and  gentle  slopes o 

Coastal  Prairies  A narrow  belt  of  low  flat  coastal  prairie  is 
drained  by  the  San  Antonio  River  below  Goliad  County o The  geologic 
formation  represented  in  the  area  is  the  Beaumont  clay  of  Pleistocene 
ageo  Throughout  its  extent  it  is  more  or  less  a unit  of  plastic g poorly 
bedded  clay  interbedded  with  lentils  of  sando  The  valleys  of  this  section 
are  broad  and  shallow  and  the  uplands  are  flat  and  generally  featureless o 


CLIMATIC  FACTORS 

Climate  within  the  San  Antonio  River  Watershed  is  continental  in 
type  a characterized  by  rapid  changes  in  teraperature  and  with  marked 
diurnal  and  annual  temperature  extremes o A major  portion  of  the  water- 
shed is  in  the  subhumid  climatic  zone  but  the  eastern  portion  borders  on 
humid  climatic  conditions o 

Average  annual  rainfall  ranges  from  about  26  inches  in  the  Edwards 
Plateau  to  35  inches  in  the  lower  reaches  of  the  watershed  in  Victoria 
Countyo  Rainfall  is  fairly  w'sll  distributed  throughout  the  calendar  year 
with  the  highest  monthly  precipitation  occurring  during  the  period  from 
April  through  September o Rainfall  in  any  portion  of  the  watershed  is 
erratic g and  as  a result  extended  droughts  may  occur o Additional  infor- 
mation on  rainfall  is  given  in  Appendix  IIIo 

Average  annual  temperatures  range  from  about  65°  F in  the  headwaters 
to  70°  F in  the  lower  stream  reaches  of  the  v/atershedo  The  length  of 
the  frost-free  growing  season  is  about  220  days  in  the  Edwards  Plateau o 
The  watershed  below  the  Balcones  Escarpment  shows  little  variation  in 
length  of  growing  season?  282  days  at  San  Antonio  and  283  days  at  Victoria o 

Winters  are  usually  short  and  mild  but  short  light  freezes  of 
sufficient  intensity  to  damage  vegetable  crops  may  occur  throughout  the 
watershed  several  times  each  wintero  Snowfall  is,  of  rather  rare  occur- 
rence g especially  from  San  Antonio  southg  and  the  snow  usually  melts 
almost  immediately o 

Summers  are  long  and  hot  with  high  day  and  moderate  night  tempera- 


tures 


CREEK  WATERSHEDS 


For  convenience  in  hydrologic  evaluations  the  watershed  was  divided 
into  7 creek  watersheds^  figure  5®  These  creek  watersheds  consist  of 
portions  of  a major  tributary  river  or  may  include  many  short  tributary 
creeks  8 In  general  the  drainage  area  between  control  points  ( reservoir s » 
gages  changes  in  upland  characteristics  ^ junction  points  of  large 
tributaries  etco)  is  considered  as  a unit o 

The  area  of  problem  areas  in  soil  conservation  included  within  each 
creek  watershed  is  shown  in  table  Is*  Damages  costs  and  benefits  are 
presented  in  later  appendices  by  creek  watersheds s 


LAND  USE 

The  percent  of  various  land  uses  are  shov/n  by  problem  areas  in 
soil  conservation  in  table  2 and  by  creek  watersheds  in  table  I+a  Data 
were  obtained  from  the  Conservation  Jobs  Ahead  Study  l/  completed  in  19^5 
and  the  Conservation  Needs  and  Time  Table  Study  1/  completed  in  1949° 

Census  reports  were  used  as  a check  for  these  datao 

PRESENT  PHYSICAL  CONDITIONS 
Soilf,  Slope  and  Erosion  Conditions 

Conservation  survey  data,  were  used  in  the  determination  of  physical 
conditions  within  each  problem  area  in  soil  conservation  and  in  sample 
watersheds o Approximately  lp500®000  acres  have  been  mapped  within  or 
immediately  adjoining  the  watershed  and  the  data  were  tabulated  as  follows s 


Problem  Area  in 
Soil  Conservation 

Acres 

Tabulated 

Edwards  Plateau 

198.638 

Rio  Grande  Plain 

l»052a9C6 

Blackland  Prairie 

159.270 

Forested  Coastal  Plain 

92.003 

Coast  Prairie 

5.768 

Total  Acreage  Tabulated 

1.U88.585 

Soil  units  with  similar  characteristics  were  grouped  in  this  tabula^ 
tion  and  the  percentages  of  total  acreage  mthin  each  problem  area  in  soil 
conservation  are  shown  in  table  5<>  The  various  soil  group  names  are  self” 
explanatory 


1/  Soil  Conservation  Service ^ Region  hs  Unpublished 
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Rate  of  Soil  Loss 


The  Soil  Conservation  Service  has  estimated  rates  of  soil  loss  by 
erosion  within  each  problem  area  in  soil  conservations  The  estimated 
rates  for  the  San  Antonio  River  Watershed  are  given  in  table  60  Several 
characteristics  of  each  unit  area  (an  area  having  relatively  homogeneous 
physical  and  economic  conditions)  were  used  as  bases  for  estimates  of 
soil  losso  The  soil  loss  rates  listed  were  developed  from  the  results 
of  measurements  mads  at  agricultural  research  stations  adjusted  by  the  • 
land  use  pattern^  slope  gradient  and  lengthy  storm  patterns  in  the  water^ 
sheds  the  intercsptive  potential  of  the  cover  and  the  agricultural  prac<= 
tices  now  being  usedo 

Rate  of  Erosion  Damage  to  Land 

The  annual  rate  of  soil  loss  is  much  higher  on  cultivated  lands 
than  on  pasture  areas o The  land  use  capability  of  the  cropland  is  being 
lowered  by  this  soil  losso  The  following  pages  discuss  this  loss  of 
productivity  and  capability  in  each  problem  area  in  soil  conservation^ 

Edwards  Plateau  1 About  5^  percent  of  the  present  cropland  acreage 
in  the  Edwards  Plateau  problem  area  in  soil  conservation  is  in  land  use 
capability  class  III  !/«  This  consists  of  severely  eroded  areas  on  gentle 
slopes  or  the  more  steeply  sloping  land  which  is  severely  eroded  or  sub“ 
ject  to  rapid  erosion  under  cultivationo  In  order  to  maintain  these  lands 
at  their  present  level  of  crop  production  it  is  necessary  that  they  re^ 
ceive  intensive  application  of  adapted  conservation  measures o 


2/  Class  I 


Very  good  land  that  can  be  cultivated  safely  with  good 
farming  practices o 


Class  II 
Class  III 
Class  IV 


Class  V 


Class  VI 


Good  land  that  can  be  cultivated  with  a few  special 
practices  o 


Moderately  good  land  that  can  be  used  regularly  for 
crops  but  needs  intensive  practices  and  treatment o 

Fairly  good  land  which  is  best  maintained  in  perennial 
vegetation  but  can  be  cultivated  occasionally  if 
handled  with  carso 

Land  not  suited  for  cultivation  but  can  be  used  for 
permanent  vegetation^,  grazing  and  forestry  with  good 
management o 

Land  not  suited  to  cultivation  and  Y/ith  some  hazards 
and  limitations  under  forest  or  grazing  use o 


Class  VII 


Land  not  suited  to  cultivation  and  with  severe  hazards 
and  limitations  under  forest  or  grazing  useo 


Class  VIII 


Land  not  suited  to  cultivation^  grazing  or  forest  use 
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Table  6»  Rate  of  Soil  Loss  Under  Present  Conditions  by 
Problem  Areas  in  Soil  Conservation 
and  by  Creek  Watersheds 

San  Antonio  River  Watershed j,  Texas 


Annual  Soil  Loss 
Per  Square  Mile 

( acre -“feet ) 

Problem  Area  in  Soil  Conservation 
Edwards  Plateau 

oljlj. 

Blackland  Prairie 

•Jo6ii 

Rio  Grande  Plain 

I0O7 

Forested  Coastal  Plain 

086 

Coast  Prairie 

o57  , 

m 

Creek  Watershed 
Upper  San  Antonio 

I0O5 

Lower  San  Antonio 

o99 

Upper  Medina 

45 

Lower  Medina 

0 

CD 

0 

Upper  Cibolo 

o52 

Lower  Cibolo 

o99 

Ecleto 

lo5-0  1/ 

1/  Several  areas  of  Blackland  Prairie ^ too  small  to  show  on  the 
Map  of  Problem  Areas  in  Soil  Conservation^,  raise  this  rate 
above  the  Rio  Grande  Plain  rate® 
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If  soil  and  water  conservation  measures  are  not  applied  to  all  lands 
of  this  class  it  is  estimated  that  within  approximately  55  years  they 
will  have  deteriorated  to  a point  where  future  cultivation  will  not  be 
profitable  or  practical e 

Approximately  26  percent  of  the  cropland  is  in  class  II | 5 percent 
in  class  I and  the  remaining  15  percent  in  classes  IV  and  VII « 

Rio  Grande  Plain;  Approximately  I4.9  percent  of  the  present  cultivated 
land  of  this  problem  area  in  soil  conservation  is  now  in  capability  class 
IIIj  If  farmed  for  60  years  at  the  present  rate  of  soil  deterioration 
these  lands  will  char;ge  from  capability  class  III  to  class  IV  or  worses 
Class  IV  land  generally  is  suitable  for  occassional  or  limited  cultivationo 

About  22  percent  of  the  present  cropland  is  in  land  use  capability 
class  II  and  about  the  sarnie  percentage  is  in  class  lo  The  remaining 
7 percent  is  in  class  IV^  V.  VI  and  VII  lands o 

Blackland  Prairie;  This  is  the  most  intensively  cultivated  area  in 
the  watersheds  Approximately  7i  percent  of  the  total  land  area  is  in 
croplandp  about  I4.5  percent  of  which  is  in  land  use  capability  class 
Ills  At  the  present  rate  of  soil  decline  it  is  estimated  that  in  J)0  to 
35  years  nearly  all  of  the  currently  cultivated  class  III  land  will  be 
too  severely  eroded  for  future  eultivationc 

Of  the  remaining  croplands  25  percent  is  in  class  II|  21  percent  is 
in  class  I|  and  9 percent  in  classes  IV3  V^  VI  and  VII * 

Forested  Coas'fial  Plain;  The  Forested  Coastal  Plain  area  in  the  San 
Antonio  River  Watershed  includes  about  15^000  acres  of  cropland e Approxi^ 
mately  56  percent  of  the  cultivated  land  is  designated  as  capability  class 
III  lando  A major  portion  of  this  will  be  changed  by  erosion  to  class  VI 
land  in  about  25  years  a 

Twrenty^nine  percent  of  the  cropland  in  this  area  is  class  II  land 
and  5 percent  is  class  lo  The  remaining  10  percent  is  in  classes  IV, 

V3  VI  and  VII o 

Coast  Prairie;  A very  small  portion  of  the  San  Antonio  River  Water- 
shed is  in  the  Coast  Prairie o Erosion  loss  is  usually  minor  due  to  the 
level  surface  topography  which  permits  slow  movement  of  runoff  waters  0 
About  91  percent  of  the  cropland  of  this  area  is  in  land  use  capability 
class  I|  8 percent  in  class  III|  and  1 percent  in  classes  IV,  V,  VI  and 
VII  o 

Sediment  Output  Rates 


Sediment  output  rates  for  each  problem  area  in  soil  conservation 
were  estimated  by  (l)  applying  data  from  the  detailed  sedimentation 
survey  of  Medina  Lake  made  by  the  Soil  Conservation  Service  in  19^8  (2) 
the  use  of  applicable  data  from  other  reservoir  sedimentation  surveys 
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outside  the  San  Antonio  River  Watershed  and  (5)  sediment  source  studies 
on  small  watersheds  within  each  of  the  various  problem  areas  (I4.)  the 
rates  were  checked  by  use  of  sediment  records  on  the  San  Antonio  River 
near  Goliad  secured  by  the  Soil  Conservation  Service  and  the  Texas  State 
Board  of  Vfeter  Engineers® 

Table  7 shows  a comparison  between  soil  loss  and  sediment  output 
rates  by  problem  areas  in  soil  conservationo  Figure  57a  Appendix  IV 
shows  the  estimated  sediment  contribution  rates  for  flocdv^rater  retarding 
structures  in  the  various  sample  vmitersheds  studied®  Rates  of  sediment 
output  in  these  areas  vary  considerably  depending  on  mtershed  size® 

For  example^  a retarding  structure  in  the  Blackland  Prairie ^ with  a 
watershed  area  of  5 square  miles  is  expected  to  receive  an  annual  deposit 
of  2o5  acre-feet  per  square  miles  With  a w'atershed  size  of  100  square 
miles  g the  expected  annual  deposit  would  be  only  I0I4.  acre-feet  per  square 
mile  o 

Sedimentation  Problems 

Edwards  Plateaus  Since  this  section  is  underlain  by  erosion  resistant 
limestone  formations  and  has  a fair  cover  of  brushy  trees  and  grasses  the 
rates  of  erosion  and  sediment  output  are  generally  low®  Damges  by 
accelerated  deposition  are  s lights  and  channels  of  most  streams  are  re= 
latively  stable  and  have  fairly  large  capacities®  The  valley  bottoms 
usually  slope  strongly  tovv’-ard  the  channels g which  are  incising  into 
limestone  and  shale  strata®  The  chief  types  of  sediment  are  gravelsg 
which  form  channel  barSg  or  silt  and  clay  which  is  transported  long  dis” 
tances  downstream  during  floods®  Damages  by  sediment  deposition  are 
lowo  Flood  plain  scour  causes  moderate  amounts  of  damage  in  some  cul= 
tivated  valleys® 

Black  Prairies  The  Black  Prairie  occupies  a comparatively  small 
portion  of  the  watershed  but  has  a higher  average  erosion  rate  than  any 
of  the  physiographic  sections  represented®  Rates  of  sedim.ent  output 
range  from  2 to  5 acre-feet  per  square  mile  annually®  Most  of  the  area 
is  cultivated  and  the  easily  eroded  clay  soils  are  readily  transported  by 
runoff  water®  Flood  plain  land  damage  resulting  from  deposition  of 
sediment  is  small  as  the  m.aterial  is  relatively  fertile  although  some 
damage  is  caused  by  the  covering  of  young  plants*  Flood  plain  scour 
causes  moderate  amounts  of  damage  and  reduces  productive  capacity  as 
much  as  ^0  percent  in  some  localities  although  partial  or  complete  recovery 
of  productiveness  occurs  within  a 10-year  period  on  the  scoured  areas® 

South  Texas  Coastal  Plains  The  f orma.tions  in  this  section  consist 
dominantly  of  rather  poorly  cemented  sandsg  silts  and  clays®  Erosion 
and  sediment  output  rates  are  high  throughout  most  of  the  area  because  of 
a relatively  high  percentage  of  cultivation®  Sheet  erosion  is  the  main 
source  of  sediments  but  gully  erosion  is  of  importance  in  a few  areas® 

The  channels  of  the  smaller  creeks  are  in  many  cases  partially  filled 
with  coarse  sediment®  Damage  from  overbank  deposition  of  sediment  is 
usually  limited  to  narrow  strips  adjacent  to  the  channel®  The  greater 
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Table  7°  Comparison  of  Soil  Loss  and  Sediment  Output  Rates  by 
Problem  Areas  in  Soil  Conservation 

San  Antonio  River  Yfetershed^  Texas 


Problem  Area  in 
Soil  Conservation 

2 Annual  Soil  s 

3 Loss  5 

1 Per  Square  Mile  s 

O 9 

Annual  Sediment 
Output 

Per  Square  Mile 

Edvvards  Plateau 

(acre-feet) 
0 ellli- 

(acre-feet) 

Oj+1 

Blackland  Prairie 

3.61+ 

lo55 

Rio  Grande  Plain 

lo07 

Oo85 

Forested  Coastal  Plain 

0«S6 

0,52 

I 

'i 

il 


Il 

I 
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part  of  scour  damage  occurs  in  areas  where  sediment  deposition  is  of 
minor  consequence  and  causes  moderate  amounts  of  land  damages ^ 

Coastal  Prairie;  Damages  by  sediment  deposition^  scour  and  bank 
erosion  are  of  minor  consequence  due  to  the  flat  topography ^ low  erosion 
rates  and  flat  stream  gradients© 

Plant  Types 


The  San  Antonio  River  Watershed  contains  four  main  plant  associations 
or  plant  type  areas  described  below©  In  general  the  range  conditions  are 
fair  to  poor  with  sufficient  remnants  of  the  better  grasses  still  present 
to  allow  restoration  of  good  conditions  through  grazing  management  and 
brush  control© 

Hill  Country  Savanna;  This  area  occupies  portions  of  Kerrs  Bandera ^ 
Medina g Kendal 1^  Comal  and  Bexar  counties  or  the  Edwards  Plateau  portion 
of  the  San  Antonio  River  Watershed®  The  original  plant  cover  consisted 
primarily  of  bluestem  grasses  with  live  oak  savanna?  little  bluestemg  big 
blues tern  and  sideoats  grama  being  the  principal  grasses©  This  area  has 
had  a heavy  invasion  of  Texas  oakg  some  cedar  and  low  grade  weeds©  Blue- 
stem. grasses  have  largely  been  replaced  by  inferior  plants g such  as  red 
grama g threeawns  and  crotons  and  the  present  condition  of  the  range  is 
fair  to  poor® 

Mixed  Prairie;  A small  area  of  this  plant  type  occurs  in  east- 
central  Medina  and  west-central  Bexar  counties©  Original  plant  cover 
was  primarily  sideoats  grama^  blue  sprangletop  and  feathery  bluestems © 
These  grasses  have  been  generally  invaded  by  shrubs  of  which  mesquite 
and  whitebrush  are  the  most  prominent© 

Present  condition  of  range  is  fair  to  poor  and  the  better  species 
of  grasses  have  been  replaced  by  inferior  plants  such  as  red  lovegrassj, 
red  gramag  threeawnsg  crotonsg  golden  crownbeard  and  perennial  plantains® 

Coastal  Prairie;  This  plant  tyoe  areag  with  the  exception  of  the 
two  narrow  bands  of  post  oak  savanna  in  Wilson  and  Goliad  countie Sg 
occupies  the  watershed  from  the  city  of  San  Antonio  to  the  mouth  of  the 
San  Antonio  River© 

Original  cover  consisted  primarily  of  seacoast  bluestem^  feathery 
bluestems g tanglehead  and  blue  sprangletop© 

Ranges  at  present  are  in  fair  to  poor  condition  and  densely  covered 
with  mesquite^  blackbrushg  cenizo  and  whitebrush©  Good  grasses g for  the 
most  partg  have  been  replaced  by  red  grama g pink  pappusgrass  and  many 
low  grade  weeds  such  as  crotons  and  poor jo© 

Post  Oak  Savannas  Two  relatively  small  areas  of  Post  Oak  Savanna 
cut  across  the  watershed  in  northern  Wilson  and  southwestern  Bexar 
counties  and  in  Goliad  County  just  north  of  the  town  of  Goliad© 
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Original  cover  was  a tall  grass  savanna  in  post  oak^  with  some 
blackjack  and  live  oako  Original  grass  cover  consisted  of  Indiangrass^ 
big  bluestemg  switobgrass^  seacoast  bluestem  and  tangleheado 

Present  ranges  are  mostly  in  poor  condition  and  the  better  grasses 
have  been  replaced  by  low  grade  perennial  grasses  and  weeds o Some  of 
these  are  tumble  lovegrassg  red  lovegrass^  threeawns^,  crotons  and 
Yankeeweed  o 


APPEiraiX  II, 

LAKD  AND  miER  ECONOMY 
HISTORY  OF  DEVELOPMENT 

Agricultural  development  in  the  watershed  began  with  the  founding 
of  the  early  Spanish  missions  aboux  1713  and  consisted  mainly  of  small 
acreages  of  vegetables  and  corn  used  as  sustenance  crops o Irrigation 
by  diversion  from  the  San  Antonio  River  ms  practiced  at  the  missions 
located  near  the  present  city  of  San  Antonio o The  communities  surround= 
ing  the  San  Antonio  and  Goliad  missions  existed  for  nearly  100  years  as 
outposts  of  civilization  in  the  wilderness  of  Texas o In  17U5  their 
reports  showed  7i>115  Head  of  cattle  5 3i>662  sheep^j  661).  goats  5 257  horses 
and  an  annual  production  of  3^000  bushels  of  corng  2^,000  pounds  of  cotton 
and  quantities  of  beans ^ m.elons^  pumpkins  and  other  crops o The  purpose 
of  the  missions  was  to  christianize  the  Indians ^ extend  the  Spanish 
dominion  and  establish  civil  lawo 

By  1321  the  white  population  did  not  exceed  7^000  people » The 
coming  of  Austin  in  1321 9 mth  other  colonists  following  him^  started 
Texas  on  a period  of  rapid  settlement  and  growth o 

A loose  system  of  cattle  ranching  utilizing  the  free  range  wxis 
practiced  by  the  early  Mexican  and  American  settlers o This  with  horse 
raising  was  the  only  industry  follcwedo  The  prairies  w-ere  covered  with 
tall  grasses  and  furnished  year-long  feed  for  the  cattle o These  condi- 
tions continued  until  after  the  Civil  War  when  cattle  numbers  had  in- 
creased greatly  because  of  favorable  weather  and  lack  of  markets o As 
cattle  became  too  numerous  the  pastures  began  to  deteriorate  and  cattle 
were  slaughtered  for  their  hides  and  tallow  which  could  be  marketed  at 
New  Orleans o After  this  period  the  great  cattle  drives  to  northern  rail- 
heads began  and  continued  until  railroads  were  built  into  Texas o 

General  farming  began  to  expand  in  the  latter  part  of  the  nineteenth 
century  and  cotton  and  corn, were  grown  almost  to  the  exclusion  of  all 
other  crops o Many  of  the  large  ranch  holdings  were  subdivided  into  farms 
and  the  herds  moved  v/estwardo  However  there  still  are  a number  of  large 
ranches  near  the  lower  part  of  the  San  Antonio  River  Yfetershedo  The 
advent  of  the  boil  weevil  at  the  beginning  of  the  twentieth  century  caused 
a great  decrease  in  cotton  acreage  and  production  of  other  crops  such  as 
peanuts  9 peas  9 sweet  potatoes  9 sorghums  and  some  fruits  and  vegetables  was 
increasedo 

The  breaking  up  of  the  larger  tracts  of  land  and  cultivation  of  land 
acreages  of  cotton  after  the  Civil  War  contributed  to  soil  erosion© 
the  turn  of  the  last  cenxury  erosion  wras  beginning  to  be  a serious  pro- 
blem on  sloping  land©  The  use  of  legumes  and  coimnercial  fertilizers 
dates  from  this  period© 
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The  crops  grown  and  type  of  farming  now  followed  depends  upon  the 
soils  present  on  the  individual  farms o Peanuts  and  sweet  potatoes  are 
grown  on  the  sandy  soils  while  corns  sorghum^  flax^  oats  and  cotton  are 
grown  chiefly  on  the  heavier  soilso  The  rougher s sandy  and  low  areas 
are  usually  used  for  grazingo 

The  growth  of  San  Antonio  during  and  after  World  War  II  has  created 
a great  demand  for  fluid  milko  A large  number  of  dairies  have  been 
established  because  of  this  demando  The  high  price  of  beef  has  stimulat= 
ed  interest  in  pasture  improvement  and  the  irrigation  of  grass  and  feed 
crops  0 

POPULATION 

The  total  population  of  the  San  Antonio  River  Watershed  in  1950  was 
5I4.O9U58S  ^n  increase  of  157s.61i.Os  or  approximately  29  percents  during  the 
period  19ll-0  to  1950s  table  80 

The  urban]  population  of  the  watershed  was  502,851  in  1950,  an  in= 
crease  of  2i4.OgI1.O6  from  the  I9U0  urban  populationo  There  were  3 urban 
communities  (cities  having  a population  of  2,500  or  more)  within  the 
watershed  in  1950  compared  with  2 such  communities  in-19J4-0  and  1930o 
The  largest  inoreas.e  occurred  in  the  metropolitan  area  of  San  Antonio 
when  in  1950  the  population  was  Ii.06g811  within  the  city  limits  and 
496,090  in  the  metropolitan  areao  The  other  cities  were  Kenedy popular 
tion  Ii.>177  and  Karnes  Cityg  population  2,58Uo 

Rural  Population 

The  rural  population  of  the  watershed  wasL  120,353  in  I9U0  as  com” 
pared  with  37,587  in  1950o  This  decrease  was  caused  to  a large  extent 
by  the  inclusion  of  the  heavily  populated  area  surrounding  San  Antonio 
into  the  metropolitan  areao 


CHANGES  IN  FARM  VALUE  AND  SIZE 

Changes  in  farm  values  usually  reflect,  after  a lapse  of  a fev/  years, 
fundamental  changes  which  have  taken  place  in  the  financial  status  of 
farming  0 

From  1930  io  I9U0  land  values  in  all  areas  of  the  watershed  declined 
sharply  as  shown  in  table  9®  This  decline  reflected  the  depressed  condi= 
tion  of  farming  during  this  period  which,  had  forced  many  farmers  to  adopt 
an  exploitative  system  of  farming o This  exploitation  accelerated  erosion 
and  by  producing  conditions  favorable  to  increased  runoff  increased . the 
flood  hazards o Since  19^0,  farm  values  and  incomes  have  increased  rapidly 
as  showm  in  table  10  and  farmers  now  have  less  difficulty  in  meeting 
fixed  expenses  and  have  more  freedom  of  choice  in  organizing  their  farm 
enterprises 0 They  are  in  a better  financial  position_to  adjust  their 
businesses  to  meet  any  decline  in  prices  of  farm  products  or  to  increase 
the  efficiency  of  farm  operations. 
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Table  9°  Average  Value  of  Farmland  and  Buildings  Per  Acre  of 
Farmland  in  Each  Problem  Area  in  Soil  Conservation 

San  Antonio  River  Watershed ^ Texas 


Problem  Area  in 

s Average  Value 

per  Acre^ 

Census  of 

Soil  Conservation 

s 1930  s 

19U0  s 

1950 

( dollars ) 

( dollars ) 

(dollars) 

Edwards  Plateau 

2U0II1 

200)42 

52o22 

Blackland  Prairie 

10)4070 

52o27 

102 085 

Forested  Coastal  Plain 

Ulo72 

2I0O9 

Ulo28 

Rio  Grande  Plain 

58088 

3I065 

69o50 

Coast  Prairie 

3U-96 

23.56 

U7.76 

Median  Average  for  All  Problem 
Areas  in  Soil  Conservation 

52  088 

29o80 

62o72 

1/  Averages  for  problem  areas  in  soil  conservation  are  derived  from 
representative  minor  civil  division  data^  Uo  So  Department  of 
Commerce  5 Census  of  Agriculture  ^ 1930  19^0 a 

2/  Adapted  from  Uo  So  Census  of  Agriculture^  1950  (preliminary  data)o 
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Table  10 o Average  Value  per  Farm  of  Farmland  and  Buildings  for 
Each  Problem  Area  in  Soil  Conservation 

San  Antonio  River  Water  shed ^ Texas 


Problem  Area  in 
Soil  Conservation 


Average  Value  per  Farm^  Census  of 

y % 19U0  y s 1930  y 

(dollars) 


1930 


Edwards  Plateau 


Blackland  Prairie 


forested  Coastal  Plain 
Rio  Grande  Plain 


Coast  Prairie 


il+.579 

10^035 

29.tj.63 

8.533 

5.839 

14,276 

. 5.615 

3.912 

9,565 

8,697 

5.7I45 

17.953 

13  s749 

•^7+  .■^5  i 

32.760 

Median  Average  for  All  Problem 

Areas  in  Soil  Conservation  10al95  7e998  20s805 


1/  Averages  for  problem  areas  in  soil  conservation  are  derived  from 
” representative  m.inor  civil  division  data^  Uo  So  Department  of 
Commerce^,  Census  of  Agricultures  1930  I9I4.O0 

2/  Adapted  from  Uo  So  Census  of  Agriculture ^ 1950  (preliminary  data)o 
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Size  of  Farms 

The  averag'e  size  of  farms  has  been  increasing  in  the  watershed ^ as 
shown  in  table  11 o The  increase  has  been  general  in  all  areas  except  in 
the  Edwards  Plateau  problem  area  in  soil  conservationo 

The  increases  in  farm  values  and  size  of  farms  are  in  the  direction 
of  a more  stable  agricultural  economy  in  the  ws.tershed  and  will  assist 
in  the  installation  of  the  recommended  programo 

Li\ND  0^<’V1JERSHIP 

Most  of  the  land  of  the  watershed  is  privately  ownedo  Publicly 
owm'ed  lands  include  several  Uo  S®  Military  Reservations s and  municipally 
owned  acreages o About  96o5  percent  of  the  land  area  is  in  farms® 

In  all  calculations  involving  acreage  the  non^farmland  estimates 
made  by  the  Soil  Conservation  Service  in,  the  Conservation  Needs  Inventory 
(unpublished  records)  were  used®  These  estimates  were  made  for  small 
areas  and  are  considered  a more,  nearly  correct  determination  of  the 
acreage  of  treatable  lands  than  can  be  derived  from  census  data^  table  12s 

TENANCY 

In  1930  about  36 o9  percent  of  the  farmland  in  the  watershed  was 
operated  by  tenants » but  by  1950  this  percentage  had  declined  to  80I4. 
percent  as  shown  in  table  13o  Most  of  the  part  owner  operated  land g which 
is  essentially  tenant  operatedg  is  evidently  rented  to  round  out  a unit o 
It  is  probable  that  most  in  this  class  have. better  equipment  and  more 
adequate  capital  than  the  tenant  operators® 

These  data  become  important  when  consideration  is  given  to  the  fact 
that  land  uses  and  farming  practices  on  tenant-=ope rated  farms  are  often 
conducive  to  accelerated  erosion  and  increased  wrater  losses  from  the 
farm®  Tenants  use  their  farmland  more  intensively  than  owner  operators 
and  are  less  inclined  to  cooperate  in  conservation  programs  designed  to 
reduce  soil  loss  and  runoff®  Therefore g the  decrease  in  tenancy  will 
facilitate  obtaining  farmer  cooperation  in  installing  the  recommended 
program® 


LAND  USE 

Figure  6 shows  the  intensity  of  use  for  which  each  area  is  suited 
and  the  intensity  of  treatment  needed  to  prevent  further  decline  in 
productivity  a These  lands  can  support  a permanent  agriculture  of  the 
type  recommended g provided  the  proposed  type  of  use  and  treatments  are 
adopted  with  reasonable  promptness®  Otherwise g severe  damage  from  erosion 
may  occur  to  the  remaining  land  resources© 


Table  11 o Average  Size  of  Farm  for  Each  Problem  Area 

in  Soil  Conservation 


San  Antonio  River 

?i/atershed 

g Texas 

Problem  Areas  in  ; 

Average 

Size  of  Farms, 

Census  of 

Soil  Conservation  i 

1930  V 

; I9U0 

s 1950 

(acres ) 

(acres ) 

(acres ) 

Edwards  Plateau 

595  06 

0 

t — 1 

56Uo2 

Blackland  Prairie 

81  £>5 

lllo? 

13808 

Forested  Coastal  Plain 

I5U06 

185o5 

23I07 

Rio  Grande  Plain 

1'47.7 

181o5 

253.3 

Coast  Prairie 

593  o3 

6130  5 

685  £.9 

\ 

Median  Average  for  All  Problem 
Areas  in  Soil  Conservation 

2?0o5 

3160? 

575.8 

1/  Averages  for  problem  areas  in  soil  conservation  are  derived  from 
representative  minor  civil  division  data^  Uo  So  Department  of 
Commerces,  Census  of  Agricultures)  193^  19U0o 


2/  Adapted  from  Uo  So  Census  of  Agricultures,  1950  (preliminary  data)o 
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Table  12®  Percent  of  Land  in  Farms  for  Fach  Problem 
Area  in  Soil  Conservation  l/ 

San  Antonio  River  Watersheds  Texas 


Problem  Areas  in 
Soil  Conservation 

i Land  in 

s 1930  s 

Farms g Census  of 

19U0  s 1950 

(percent) 

(percent) 

(percent) 

Edwards  Plateau 

97  ok 

954 

97=6 

Blackland  Prairie 

16  ok 

78o0 

78o5 

Forested  Coastal  Plain 

7I06 

784 

82  oO 

Rio  Grande  Plain 

7ko7 

76=5 

81+ oO 

Coast  Prairie 

159=7  2/ 

100 06  2/ 

880I+ 

1/  Adapted  from  Uo  So  Census 
””  data  for  1950° 

of  Agriculture  a 1930 

0 I9I1.O  and 

preliminary 

2/  The  excess  of  farm  acreage  over  land  area  is  due  to  the  fact  that  the 
entire  acreage  of  a farm  is  tabulated  as  being  in  the  county  or  civil 
division  in  which  the  headquarters  is  locatedj,  even  though  a part  of 
the  farm  may  be  situated  in  an  adjoining  county  or  civil  divisioao 


I 

; 

-j 
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Table  13°  Percent  of  Farmland  Operated  Under  Each- 

Type  of  Tenure  l/ 

San  Antonio  River  Watershedp  Texas 


Tenure  of  Operator  by  Problem 
Areas  in  Soil  Conservation 


Edr^^ards  Plateau 
Owner 

Part  Owner  2/ 
Manager 
Tenant 
Total 


Farmland  g Census 

1930  g 1940 


5Qok 

805 

806 

2l+o5 

lOOoO 


56o5 
17  o7 
5o9 
19  o9 

lOOoO 


614.0  b 

22  o2 
10  06 

2o7 

lOOoO 


Blackland  Prairie 
Owner 

Part  Owner 
Manager 
Tenant 
Total 


37  08 
7o8 
- I06 

52o8 

lOOoO 


U0o2 

20o7 

lo2 

37  o9 

100  oO 


5806 

29  o3 

0o7 
1I0I4. 
100  oO 


Forested  Coastal  Plain 
Oivner 

Part  Owner 
Manager 
Tenant 
Total 


I|2o6 

808 

5o0 

1+3  06 
lOOoO 


I4.1 06 
2I0I 
I0I4. 
35o9 

100  oO 


5609 

3io5 

io3 

I0o3 

lOOoO 


Rio  Grande  Plain 
Owner 

Part  Owner 
Manager 
Tenant 
Total 


li-b  0I4. 

9.U 

!+o3 

!+2.9 

iOOoO 


UloO 

20o7 

5o5 

32o8 

100  oO 


5ho3 

32o8 

3ol 
9 06 
lOOoO 


Coast  Prairie 
Owner 

Part  Owner 
Manager 
Tenant 
Total 


3602 

35oO 

7o9 

20  o9 

lOOoO 


2l+o9 

I|.0o2 

16  o5 

18  oil. 
lOOoO 


b6o5 

3hoQ 

loO 

7o7 

lOOoO 


Total  Watershed 
Owner 

Part  Owner 
Manager 
Tenant 
Total 


1+3' 

13. 

5' 

36. 

100, 


U0o8 

21401 
601 
29  oO 
100  oO 


58  o2 

3O0I 

3o3 

dok 

lOOoO 


Adapted  from  Uo  So  Department  of  Commerce g Census  of  Agricultureg 
1930s  19i+0  and  preliminary  data  for  I95O0  2/  Land  rented  from  others 

by  farm  operators  and  considered  tenant  operated o 


V' 

5i 


‘■I 


.i 

k 
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SOIL  CONSERVATION 


The  Department  of  Agriculture  throug'h  its  several  agencies  and  in 
cooperation  with  State  and  local  organizations  Is  currently  assisting 
land  owners  and  operators  in  the  application  of  measures  which  are 
deemed  of  primary  importance  to  the  objectives  of  the  Flood  Control  Acto 
Additional  discussion  is  found  in  Appendix  Vo 

State  interest  in  soil  conservation  has  been  demonstrated  by  passage 
of  legislation  providing  for  the  formation  of  soil  conservation  districts 
and  by  the  appropriation  of  funds  for  their  usee  Thirteen  districts  have 
been  organized  in  or  adjacent  to  the  watershed  and  include  the  entire 
watershed  area  within  their  boundaries ^ figure  7o 


RESERVOIRS,  LEVEES  Al®  OTHER  IMPROVEI^ENTS 

A large  irrigation  reservoir  on  the  Medina  River  ws.s  constructed 
in  1911=1915  Is  owned  by  the  Bexa.r=-Medina=Atascosa  Counties  Improve^ 
ment  District  Noo  lo  The  reservoir,  vvith  a constructed  capacity  of 
271+aOOO  acre^feetg  supplies  a system  of  canals  and  laterals  which  service 
acres  within  the  Improvement  District,  of  which  13fl200  acres  is 
in  the  San  Antonio  River  Watershed®  Since  its  construction,  this  reser^ 
voir  has  reduced  all  flood  flows  on  the  Medina  River  immediately  below  the 
dam  to  non=damaging  proportions o 

Oimos  dam,  above  San  Antonio  Springs  and  the  city,  is  a flood  control 
reservoir  which  is  operated  to  reduce  damages  within  the  city®  There 
are  several  private  levees  near  the  mouth  of  the  river  for  local  protect 
tion  on  the  McFaddin  and  Austin  Estates o 

The  Department  of  the  Army,  Go^-ps  of  Engineers,  has  prepared  a survey 
report  l/  which  recommends  the  followings 

lo  A channel  improvement  project  through  the  city  of  San  Antonio, 
Texas o This  includes  the  San  Antonio  River  from  Bergs  Mill  to 
East  Hildebrand  Street  (II06  miles)  and  a total  of  51°0  miles 
of  channel  on  San  Pedro,  Apache,  Alazan  and  Martinez  Creeks 
as  well  as  relocation  and  construction  of  channel  dams  and 
modification  of  bridges® 

2o  A channel  improvement  project  through  the  town  of  Eenedy,  Texas 
on  Escondido  Creek®  This  includes  improvement  of  about  2ol 
miles  river  channel  and  bridge  modif ication® 


INDUSTRIES 

There  are  numerous  business  enterprises  in  the  watershed  closely 
associated  with  agriculturei  cotton  gins  and  compresses,  grain  elevators. 


1/  Report  on  Survey  of  Guadalupe  and  San  Antonio  Rivers  and  Tributaries, 
Texas,  October,  1950s  Unpublished® 
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oil  mills  and  various  types  of  food  processing  plant So  These  have  a 
major  effect  on  the  economy  of  the  watershed o Vegetable  production 
near  San  Antonio  and  specialty  seed  production  are  increasing  in  impor^ 
tanceo  Over  Lj.s200  acres  of  guar^  hubam  sweetc lovers  blue  panicgrassg 
Ko  Ro  bluestemp  buffelgrass  and  yellow  swsetclover  was  grown  for  seed 
in  1951  smd  an  increase  of  18 gOOO  acres  is  expected  for  1952o  Growings 
harvestings  processing  and  merchandising  of  this  production  is  becoming 
an  important  industry o 

The  total  production  of  crude  oil  in  the  watershed  was  estimated 
at  3fi278fl762  barrels  in  1950 o This  industry  has  been  developing  since 
1889  and  the  annual  value  of  the  production  was  approximately  |8g000g000 
in  I95O0  Accessory  pipelines ^ pumping  plants ^ and  refineries  contribute 
to  the  economic  development  of  the  watershed o 

Various  other  industries  of  importance  are  the  manufacture  and  dis“ 
tribution  of  bricky  tile^  pottery g cement g building  stone g furniture g 
refrigeration  equipment  and  various  other  items o San  Antonio  is  a very 
important  wholesale  and  retail  outlet  in  the  state  of  Texas  0 

Four  railroad  companies  serve  the  watershed  with  miadn  and  branch 
lines  and  a netv^rork  of  roads®  power  lines  g pipelines  and  airlines  extend 
throughout  the  water she do 

NATURAL  RESOURCES 

Many  deposits  of  various  sands®  clays®  gravel®  stone  and  lignite 
remain  to  be  utilized  in  the  watershed o 

The  watershed  north  and  west  of  San  Antonio  is  in  the  famous  '^Hill 
Country”  which  abounds  with  deer®  turkey®  squirrels  and  doves  and  has  a 
reasonable  supply  of  ducks®  quail  and  fur  bearing  animals o During  the 
deer  hunting  season  thousands  of  hunters  hunt  for  game  on  the  ranches 
on  -w^ich  they  rent  hunting  privileges o The  lease  income  and  the  amount 
spent  by  hunters  for  travel g recreation  and  subsistence  within  the 
watershed  is  an  important  source  of  income  to  the  ranchers  and  business 
men  of  the  watershed o 

Near  Bandera  there  a3"e  numerous  guest  ranches  developed  to  provide 
vacation  spots  during  the  summer  seasono  Several  lakes  with  good  fishing 
are  available  and  the  natural  beauty  of  the  cedar  hills®  cypress^lined 
creeks  and  rugged  topography  make  this  a popular  vacation  areao 

The  tourists  visiting  the  historic  shrines  in  the  watershed  and  the 
vacationers  and  hunters  contribute  substantially  to  the  economy  of  the 
watershed  through  increased  business  and  income o 


MILITARY  ESTABLISHMENTS 

There  are  several  military  training  centers  and  other  establishments 
within  the  watershed  near  San  Antonio o The  United  States  Air  Force 


operates  Randolph^  Brooks.,  Kelly  and  Lackland  bases  •.  The  United  States 
Army  operates  Camps  Stanley  and  Bullis  in  the  Leon  Springs  Military 
Reservation  and  Fort  Sam  Houston  and  Camp  Normoyle  in  San  Antonio : 

GROUND  VtfATER  RESOURCES 
General  Relationships  of  ^Na.ter  Supply 

An  adequate  ;\^ter  supply  is  the  basic  requirement  for  agricultural ^ 
urban  and  industrial  development o When  the  water  supply  is  limited 
in  quantity  or  is  of  unsatisfactory  quality  the  development  of  an  area 
is  hinderedg 

In  the  San  Antonio  River  Watershed  surface  water  supplies  are 
moderate  in  quantity  andj,  except  for  Medina  Lake^  have  been  developed 
only  to  a limited  extents  The  availability  of  unusually  large  quantities 
of  ground  water ^ however ^ has  made  possible  the  great  municipal  and 
industrial  growth  of  San  Antonio^  the  development  of  several  large 
military  bases ^ and  extensive  use  of  water  for  f arms  ^ ranches  and  irrigat- 
ed lands  The  Edwards  Plateau  and  a belt  of  country  below  it  and  parallel 
to  the  Balcones  Escarpment  constitute  one  of  the  most  productive  ground 
water  provinces  in  Texas » Furthermore^  a number  of  aquifers  in  the  Gulf 
Coastal  Plain  downstream  from  San  Antonio  furnish  sufficient  water  for 
nearly  all  local  farm  and  municipal  requirements ^ 

Principal  Aquifers 

Travis  Peak  Formations  The  Travis  Peak  formation  at  the  base  of 
the  Trinity  group  of  Lower  Cretaceous  age  does  not  appear  at  the  surface 
anywHere  in  the  watershedo  Two  productive  wells  in  the  Travis  Peak  sandsg 
however  a furnish  an  adequate  municipal  water  supply  for  the  town  of 
Bandera  in  Bandera  County  1/q  It  is  reported  that  these  sands  contain 
large  supplies  of  water  under  artesian  pressure  beneath  much  of  the 
northern  part  of  the  watershed ^ but  in  most  places  they  occur  at  depths 
too  great  to  be  used  for  ordinary  water  vv’-ellso 

Edwards  and  Glen  Rose  Formations t The  Glen  Rose  formation  of 
Lower  Cretaceous  (Comanchean)  age  overlies  the  Travis  Peak  sands o Its 
surface  outcrop  occupies  most  of  the  Edwards  Plateau  area  in  the  water- 
shed ^ since  much  of  the  overlying  Edwards  limestone  has  been  removed 
by  erosion 0 Its  thickness ^ as  reported  from  measurements  of  outcrops 
and  well  logs*,  ranges  from  ^00  to  1^200  feet  2/\  Alternating  beds  of 
marly  or  argillaceous  limestone  and  nodular  limestone  character iz.e  the 
formation  throughout  its  thickness e Therefore ^ its  permeability  generally 


l/  Broadhurst^  Wo  Lo^  Sundstromj,  Ro  Wo^  and  Rowley ^ Jo  Hop  ’’Public  ViTater 
Supplies  in  Southern  Texas p”  Texas  Bdo  of  Water  Engrso  & U.S,G,S.p 
19U6, 

2/  Sayre p Ao  Nop  Geology  and  Ground  Yi/'ater  Resources  of  Uvalde  and  Medina 
Counties®  Texas p UcSoG»Se  Water  Supply  Paper  678®  1936? 
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is  low  to  moderate o In  most  places  on  the  plateau  it  yields  small  water 
supplies  to  wells  at  depths  of  100  to  508  feeto  Many  farms  and  ranches 
obtain  water  from  v\rells  yielding  from  5 "to  20  gallons  per  minute o In 
some  places  p however  especially  near  Cibolo  Creek  along  the  Comal=Bexar 
County  lineg  the  Glen  Rose  is  cavernous  and  is  locally  important  as  an 
aquifer  l/o  It  is  shown  by  George ^ from  Weather  Bureau  records  of  a 
6o29”inch  rainfall  which  occurred  in  August  I9I4.6  at  Bulverde^  Randolph 
Fie  Id  e Boerne  and  New  Braunfels  a that  a discharge  of  J>00  second  feet 
resulted  in  Cibolo  Creek  near  the  northwest  corner  of  Bexar  County o 
Yet  none  of  this  water  reached  the  Bulverde  station o It  was  absorbed 
into  the  cavernous  Glen  Rose  limestone  and  probably  reached  deep  ground 
TN3.ter  zones  o Most  of  the  productive  wells  in  the  Bulverde  area  and  in 
extreme  northern  Bexar  County  derive  water  from  the  Glen  Roseo 

The  Edwards  limestone ^ overlying  the  Glen  Rose  and  separated  from 
it  by  the  thin  Walnut  clay  and  Comanche  Peak  limestone  members p is  the 
most  important  aquifer  in  the  drainage  areao  It  has  been  displaced  down° 
ward  several  hundred  feet  by  faulting  along  the  plateau  margin  so  that 
its  surface  is  at  a lower  elevation  than  that  of  the  Glen  Rose  in  the 
vicinity  of  Medina  Lake  0 The  Edwards  is  a massive  crystalline  limestone 
formation  which  is  much  harder  and  more  brittle  than  the  Glen  Roscp  and 
is  extensively  fractured^  jointed  and  cavernous  in  the  Balcones  fault  zone  0 
The  numerous  cavities  and  solution  channels  add  greatly  to  the  permeability 
of  the  formationo 

Large  springs  issuing  from  the  lower  part  of  the  escarpment  from 
near  Austin  to  Uvalde  are  especially  productive  at  San  Marcos p New 
Braunfels  and  San  Antonioo  The  Comal  Springs  at  Nev/  Braunfels  have  main^ 
tained  an  average  flow  of  323  1/  cubic^feet  per  second  for  a period  of 
more  than  20  years o This  is  equivalent  to  255sOOO  acre“feet  per  yearo 
A spring  on  Honey  Creek  7 miles  northwest  of  Bulverde g which  flows  from 
the  base  of  the  Glen  Rose  formationp  has  a discharge  of  IpOOO  to  lp500 
gallons  per  minute  0 When  New  Braunfels p San  Antonio  and  a number  of 
sm.aller  communities  were  established  they  were  located  at  or  near  the 
springs  to  utilize  the  abundant  water  supply o 

At  San  Antonio  the  San  Pedro  and  San  Antonio  springs  have  produced 
a large  and  reliable  flow  from  a time  long  before  discharge  records  were 
available o The  surface  of  the  Edwards  formation  in  the  San  Antonio  area 
is  buried  beneath  younger  rocks  at  depths  ranging  from  .’4OO  to  IgOCO  feet  2/o 
Water  under  hydrostatic  pressure  from  higher  areas  to  the  northwest  is 
forced  upward  through  fault  fractures  and  cracks  in  the  overlying  forma= 
tions  to  the  springs o During  the  development  of  San  Antonio  a large  number 
of  wells  have  been  drilled  for  private  and  industrial  use^  hotels  and  other 
buildings  and  municipal  water  supplyo  Many  of  these  wells  had  spontaneous 


1/  George g Wo  Oog  Geology  and  Ground  Yfater  Resources  of  Com.al  County p 
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flow  when  drilled^  and  in  others  the  water  stood  near  ground  surface o 
Continuous  heavy  pumping  and  variation  in  rainfall  in  the  contributing 
area  now  cause  water  levels  to  fluctuate  considerably o Pumping  alone j, 
however g during  periods  of  average  rainfall  causes  rela.tively  little 
draw^downo  The  drought  of  19U9“51a  together  lath  increased  city  water 
consumption^  had  reduced  the  water  levels  in  the  San  Antonio  municipal 
wells  to  unusually  low  levels  at  the  beginning  of  1952 o 

% 

So  productive  is  the  Edwards  formation  that  62  miillion  gallons  of 
water  per  day  were  pumped  throughout  the  year  19^9  the  city  of  San 
Antonio e and  about  3^  million  gallons  per  day  were  pumped  for  irrigation 
in  Bexar  and  Medina  counties  during  the  same  period  l/o  The  San  Antonio 
Springs  at  the  head  of  the  San  Antonio  River  in  the  'northern  part  of 
the  city  have  produced  a mtaximum  flow  of  20  cubic“fset  per  second  for  a 
3“W9ek  period  (‘November  1919)  s 2/  but  this  spring  has  had  a number  of 
periods  of  no  flowg  depending  u°pon  variations  in  artesian  pressure  in 
the  underground  Edwards  reservoir o The  San  Pedro  Springs  at  the  head  of 
San  Pedro  Creek  in  the  north^central  part  of  the  city  have  produced  a 
maximum  discharge  of  about  18  cubic°feet  per  second  2/o  This  flow  was 
measured  a short  distance  downstreami  on  San  Pedro  Creek  and  probably 
included  about  )4o3  cubic “feet  per  second  'from  flowing  wells  in  the  areao 

The  estimated  total  yield  of  the  San  Antonio  and  San  Pedro  Springs 
and  all  wells  in  the  county  taken  from  the  Edwards  limestone  was  about 
155  mdliion  gallons  per  day  for  the  year  I940  3/°  Many  floiring  wells 
in  the  city  and  on  farms  and  ranches  in  the  county  are  not  capped^  but 
are  permitted  to  flow  freely  when  not  in  useo  "When  the  San  Antonio 
Springs  are  not  flowings  the  discharge  of  about  10  large  artesian  wells 
in  the  vicinity  contributes  about  I5  cubic “feet  per  second  to  maintain 
the  flow  of  the  river o An  artesian  well  of  the  San  Antonio  Public  Service 
Company  near  Roosevelt  Park  had  a measured  natural  flow  of  23 o9  m.illioxi 
gallons  per  day  in  1941  soon  after  it  was  drilledo 

f 

Authorities  have  estimated  that  the  losses  from  surface  stream  flow 
alone  to  the  underlying  limestone  reservoir  in  the  Balcones  fault  zone 
are  at  least  150^000  acre-feet  annually  3/°  This  figure  includes  the 
Medina^  FriOg  Dry  Friog  Nuecesg  and  Sabinal  rivers  and  Hondo  Creeko  This 
probably  is  a relatively  small  part  of  the  total  supply  in  the  under^ 
ground  reservoir  when  rainfall  on  the  large  area  of  outcrop  and  the 
resultant  ground  water  movements  are  considered 0 

South  of  southern  Bexar  County  the  Edwards  formiation  is  buried  too 
deeply  and  usable  supply  is  too  uncertain  to  favor  practical  water  well 
development  and  ground  water  is  obtained  from  younger  rock  formations o 


1/  Wiite g ^No  Hog  Nineteenth  Report ^ Texas  Board  of  Water  Engineers g . 

September  19^8  to  September  1950s  November  1950 0 
2/  Livingstong  Penn*  Ground  T/Vater  Resources  of  Bexar  County  g Texas  g 
Texas  Bdo  of  lATater  Engrsog  and  UcSoGoSo.,  May  19^47° 

Livingstong  Penng  SayrOg  Ao  No  and  VJhiteg  ‘Wo  Nog  IPfeter  Resources  of 
the  Edwards  Limestone  in  the  San  Antonio  Areag  Texas  U.SoGoSo  and 
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The  Washita  Group  and  Upper  Cretaceous  Formations i Only  nearer 
ground  water  supplies  are  recovered  from  these  formations  and  much  of 
this  is  highly  mineralizedo  Usually  these  formations  are  not  developed 
by  drillers  and  the  Udwards  Limestone  below  is  used  for  ivater  supplies o 

Tertiary  Form8.tions s At  least  7 sandy  formations  of  Tertiary  age 
yield  moderate  to  large  ground  water  supplies  in  the  Ylest  Gulf  Coastal 
Plain  section  of  the  San  Antonio  River  Uatershedo  The  Tertiary  and 
Quaternary  formations  dip  gently  tov/ard  the  Gulf  at  angles  slightly 
greater  than  the  slope  of  the  land  surface o This  large  system  of 
sedimentary  rocks  consists  of  alternating:  oermeable  and  less  oermeabie 

t’  V,  >.  ^ 

forma.tions  v/hich  have  wide  belts  of  surface  outcrop  in  an  area  of  moderate 
rainfall  (pO  to  35  inches  annually/)  l/o  Therefore  the  characteristics 
of  an  artesian  ground  water  system  are  presento 


Midway  and  Yi'ilcox  Formations s The  Midway  formations  which  consists 
chiefly  of  clays  and  sandy  clays  ^ has  ‘low  permeability'*  and  no  importance 
as  a w'ater  bearing  formation o . The  Wilcox  formation  is  lenticular  in 
bedding  and  has  highly  mineralized  w^ater  in  places o It  supplies  ivater 
to  a number  of  wells  50  "to  200  feet  deep  w'ithin  its  outcrop  area  but  is 
not  a highly  productive  or  reliable  aquifer-o 

Clairborne  and  Jackson  Groups s Several  sands  in  the  Claiborne  groups 
including  the  CarrizCg  Mount  Selman^  Queen  Oityp  Cook  Mountain  and  Sparta 
formations  a yield  ground  v^'a.ter  for  munioipal  supply^  farmi  and  ranch  w'ells 
and  irrigation  in  this  areaD  Wells  ranging  from  3OO  to  2^000  feet  deep 
yield  municipal  water  supplies  for  Floresvilleg  Pothg  Stockdale  and  other- 
smaller  communities o Artesian  flow  of  nearly  1+00  gallons  per  minute  is 
reported  for  some  of  these  wells p and  Floresville  uses  gallons  per 

day  2/o  The  Carrizo  sand  is  generally  the  best  aquifer  but  the  other  sands 
in  the  group  also  are  important  local lyo 


The  Jackson  formations  include  some  sands  ?,hich  yield  water  to  vrells 
Yv'ithin  the  outcrop  areao 

Miocene  Formations ^ The  Catahoula  sandstone  and  tuff  and  the  0ak= 
ville  sandstone  have  relatively  good  permeability^ p and  furnish  reliable 
ground  wrater  supplies  in  their  area  of  outcrop  and  southeast-'Arard  beneath 
y'^ounger  formations  o The  Lagarto  has  low  permeability^  and  only  minor 
importance  as  an  aquifer  o Municipal  w'ells  at  RungSg  Fenedy'  and  Karnes 
City  range  from  200  to  660  feet  in  depth  and  produce  water  from^  sands  in 
the  Catahoula  and  Oakville  f ormiations  o Kenedy''a  the  largest  town  in  the 
areap  pumps  about  500^000  gallons  per  day  from  3 wells o 

Pliocene  and  Pleistocene  Formiations s In  a strip  of  Coastal  Prairie 
about  25  miles  mde  along  the  Gulf  Coast  ground  water  supplies  are  obtain= 
ed  from  the  Goliad  formation  (pliocene)  and  Lissie  and  Beaumont  form.a= 
tions  ( Pleistocene ) o Both  the  Goliad  ana  the  Lissie  have  considerable 


1/  Deussenp  Aog  Geology  of  the  Coastal  Plsin  of  Texas  Yfest  of  the 
River p U.SoGoSc  Prcfc  Paper  126 ^ 192U’- 
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Brazos 


Water 


G.S.,  191^0 


hi 


thicknesses  of  sand  and  gravel  which  serve  as  reliable  aquifers  for 
municipal  water ^ and  farm  and  ranch  wells o It  is  believed  that  mter 
for  additional  irrigation  and  industrial  enterprises  could  be  developed 
from  these  formations  in  the  lower  v«ratershedo  Goliad  and  a number  of 
smaller  communities  in  Goliad  County  pump  water  for  municipal  useo  Two 
wells  325  U6I  feet  deep  at  Goliad  supply  100^000  gallons  per  day  for 
the  towno 

The  Beaumont  formation^  although  chiefly  clay^  has  some  sand  strata 
which  yield  small  water  supplies 9 

Ground  Y/ater  as  Related  to  the  Recommended  Program 

Abundance  of  Ground  Water  Resources?  The  San  Antonio  River  Water “ 
shed  as  a whole  has  unusually  large  and  well  distributed  ground  water 
supplieso  Despite  the  heavy  draft  of  about  I30  million  gallons  per  day- 
in  the  San  Antonio  area  and  northern  Bexar  County ^ additional  expansion 
of  ground  water  use  seems  feasible  in  that  areao  Even  in  areas  underlain 
by  rocks  of  less  permeability ^ such  as  the  Glen  Rose  limestone  on  the 
Edwards  Plateau  upland  and  the  area  of  Upper  Cretaceous  rocks^  water 
supplies  generally  are  adequate ^ and  increased  yields  can  be  obtained 
by  deeper  drilling o Most  of  the  Coastal  Plain  section  has  sufficient 
ground  water  reserves  to  permit  greater  than  present  development  of 
municipal  usej,  industrial  use  and  irrigationo  Areas  supplied  by  the 
principal  aquifers  are  shown  on  the  Ground  Water  Map^  figure  8p  and  data 
on  typical  wells  are  tabulated  in  table  ll+o 

The  geologic  and  physiographic  situation  is  such  that  artesian 
conditions  prevail  throughout  most  of  the  drainage  areao  The  high 
plateau  underlain  by  limestones ^ the  channeled  and  fractured  Edwards 
format! on B the  extensively  faulted  Bale ones  Escarpment  and  the  gently 
dipping  Tertiary “Quaternary  formations  of  alternately  permeable  and  less 
permeable  sediments  are  all  favorable  factors  to  good  ground  water 
availability o The  potentially  productive  alluvial  sands  and  gravels  of 
the  lower  valley  are  subject  to  very  little  water  use^,  and  Falls  City  is 
the  only  town  of  conseq-uence  which  uses  river  -water o 

Quality  of  Water?  Most  of  the  ground  -waters  are  of  relatively  good 
qualityo  Water  from  the  channeled  Ed-wards  limestone  along  the  Balcones 
Fault  zone  and  northern  Bexar  County  is  of  excellent  quality  and  contains 
an  average  of  only  about  100  to  J>00  parts  per  million  of  dissolved  solids© 

It  is  used  extensively  for  municipal  and  industrial  supply local  farm 
and  ranch  supply  and  irrigationo  The  farm  and  ranch  -wells  in  the  Glen 
Rose  formation  on  the  Edwards  Plateau  upland  supply  water  which  is  slight“ 
ly  to  moderately  mineralized  and  hence  is  usable  for  nearly  all  purposes o 
In  the  Coastal  Plain  the  ground  waters  from  the  Tertiary  and  Quaternary 
formations  have  a wide  range  in  quality®  Many  wells  such  as -those  at  Flores^ 
villep  Saspamco  and  Kenedy  contain  1^,000  parts  per  million^  or  more^  of 
dissolved  solids o They  are  generally  suitable  for  municipal  'usep  farm 
and  ranch  wells  and  certain  types  of  industrial  use^  but  they  are  poor 
or  unsuitable  for  irrigationo  Water  from  the  wells  of  any  one  formation 
is  apt  to  have  a wide  range  In  quality o Seme  wells  may  be  suitable  for 


42 


0 S 9/y5l  4 - R-8  22  2 


; 

I 


Table  lL|.o  Typical  Ifells  in  Chief  Aquifers  =■  San  Antonio  River  Watershed^  Texas 
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irrigation  v^^hile  others  may  be  doubtful  or  unsuitabieo  iiost  of  the  wells 
in  the  lower  Coastal  Plain  at  localities  such  as  Karnes  City s’  Goliad  and 
Port  Lavaca  yield  7\fater  which  is  generally  potable  but  questionable  a.s 
an  irrigation  supplyo 

Relationships  to  Rainfall  and  Runoffs  As  in  all  ground  v;ater  systems 
the  i;;ater  yield  from  wells  throughout  the  drainage  area  shows  some  re- 
sponse to  heavy  withdrawal  and  to  variations  in  rainfall g The  highly 
permeable  limestones  of  the  Edwards  Plateau  system  show  immediate  and 
substantial  increase  following  periods  of  ralnfallo  The  granular  formations 
of  the  Coastal  Plain  shov/  a slower  response  to  rainfall  on  the  areas  of 
outcropp  but  the  draft  on  these  formations  has  not  3*^et  been  developed  to 
a point  near  their  potential  yields 

It  seems  probable  that  erosion  control  and  conservation  measures 
planned  for  the  Edwards  Plateau  will  ha^T-e  slight  effect  upon  recharge  of 
underlying  aquifer So  The  soils  are  thirip  areas  of  bare  rock  slopes  are 
extensive  a.nd  dowmiw^a.rd  perc'olation  into  the  underlying  limestones  probably 
is  not  subject  to  substantial  modif icationo  On  outcrop  areas  of  the  sandy 
aquifers  of  the  Gulf  Coastal  Plain  some  increases  in  dovmward  percolation 
of  water  from  rainfall  wrill  result  from  improved  vegetal  cover  and  erosion 
control  and  v/aterflow  retardation  structures o This  factor  has  been  evaluat- 
ed  in  Appendix  VII c 


APPENDIX  III 


HYDROLOGY 

GENERAL  METHODOLOGY 

Reductions  in  runoff  and  area  flooded  in  the  San  Antonio  River  Water- 
shed  were  determined  by  the  procedures  described  on  the  following  pages » 

In  the  study  of  rainfall-runof f -damage  relationships  in  headwater 
creeks  6 sample  watersheds  ranging  in  size  from  65  to  282  square  miles 
were  selected  0 These  watersheds  were  considered  representative  of  the 
problem  areas  in  soil  conservation  in  which  they  are  locatedc  Among  the 
characteristics  considered  were  topographyg  soils ^ land  use,  flood  damages 
and  type  of  flood  plain o A flood  series  was  developed  for  the  25”year 
period,  1920“19lil|-o  For  this  series,  using  rainfall-runoff  relationships, 
depths  of  runoff  were  computed  for  the  present  conditions  of  the  water- 
shed and  for  future  conditions  which  -will  prevail  after  installation  of 
the  recommended  programo  The  reductions  in  runoff  due  to  combinations 
of  land  treatm.ent  measures  were  determ.ined  from  records  obtained  on 
experimental  areas  of  similar  cover  and  soil  conditions  0 The  methods 
used  in  computing  the  reduction  in  runoff  in  sample  watersheds  were  also 
used  for  all  creeks  having  records  of  stream  flow  measurements o 

The  relationship  between  surface  Runoff  and  peak  discharge  on  ungaged 
areas  was  established  from  the  examination  of  high  water  marks  and  by 
comparison  with  similar  data  on  gaged  streams o To  obtain  the  average 
annual  area  inundated  under  present  conditions  the  area  inundated  was 
computed  by  depth  increments  for  each  flood-producing  storm  of  the  series 0 
Separate  computations  were  then  made  to  determine  the  areas  inundated 
from  each  flood  after  installation  of  the  recommended  programo 

The  reductions  in  areas  inundated  resulting  from  installation  of  the 
recommended  program  in  watersheds  of  creeks  having  stream  gage  records 
were  computed  in  the  following  manner; 

lo  The  damage “produc ing  series  of  floods  was  determined  from  re- 
corded flood  flows o 

2 a The  average  depth  of  runoff  from  the  contributing  watershed  was 
calculated  for  each  damage-producing  flood o 

5o  The  reduced  depths  of  runoff  resulting  from  installation  of 
the  recommended  program  were  then  calculatedo 

Il-o  Areas  inundated  were  computed  by  the  same  method  used  for 
sample  watersheds o 


BASIC  DATA 


Precipitation  Records 


Precipitation  records  were  obtained  from  "Climatological  Data” 
published  by  the  Weather  Bureau^  Do  So  Department  of  Commerceo  The 
stations  and  their  periods  of  record  are  listed  in  figure  9 and  their 
locations  are  shown  in  figure  lOo  The  stations  listed  have  at  least 
5 years  of  record  prior  to  1930  one  or  more  years  during  the  period 
from  1930  through  1950 0 

Precipitation  records  from  19  stations  were  used  in  the  preparation 
of  figure  II9  average  annual  rainfallo  Average  monthly  precipitation^ 
obtained  from  the  same  source  * is  shown  for  18  locations  within  the  water 
shed  in  table  15<>  Maximum  and  minimum  precipitation  for  various  periods 
and  at  selected  stations  are  shown  in  table  I60 

Stream  Flow  Records 


Stream  flovj-  records  used  to  establish  the  relationship  between  rain- 
fall  and  runoff,  and  between  surface  runoff  and  probable  peak  discharge g 
were  obtained  from  Do  So  Geological  Survey  Water  Supply  Papers  0 The 
locations  of  stream  gaging  stations  for  which  records  are  published  are 
shown  in  figure  lOo  Information  on  location,  period  of  operation  and 
drainage  area  above  the  gages  is  shown  in  table  17a  Stream  discharge 
information  for  a number  of  stations  is  shown  in  table  18 o Average  annua 
runoff  shovm  in  the  table  was  determined  from  data  published  in  Water 
Supply  Papers o Maximum  flood  discharges  at  various  locations  are  shown 
in  table  19 o 

Flood  Plain  Data 


Basic  data  for  the  determination  of  the  relationship  between  rate 
of  stream  discharge  and  area  flooded  were  obtained  from  engineering 
field  surveys  conducted  in  the  valley  areas  of  sample  watersheds o These 
investigations  included  the  use  of  aerial  photographs,  the  field  survey 
of  valley  and  channel  cross-sections  and  the  determination  of  stream 
gradients o Seventy-five  floodwater  retarding  structure  sites  were 
surveyed  in  sample  watersheds o These  sites  are  shown  in  figures  12  to  17 
In  addition,  structure  sites  were  surveyed  outside  of  sample  v/ater- 
sheds,  figure  18 o 

Infiltration  and  Runoff  Data 

The  basic  relationships  between  rainfall  and  runoff  w'ere  determined 
from  precipitation  and  stream  gage  records  in  creek  watersheds o Data 
from  the  soil  conservation  experiment  stations  near  Tyler  and  Temple, 
Texas,  and  the  hydrologic  watersheds  near  Waco  and  Garland,  Texas, 
showing  the  quantitative  effect  of  land  use  and  treatment  on  rainfall- 
runoff  relationships,  were  used  to  determine  the  reduction  in  runoff 
expected  from  the  installation  of  land  treatment  measures  on  the  sample 
watersheds  o 
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Table  16®  Maximum  and  Minimum  Precipitation  at  Selected  Stations 
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Table  17 o Stream  and  Lake  Level  Gages 
San  Antonio  River  Watershed ^ Texas 


0 

Code  : 

Noo  \/°  Name  and  Location 

a 

s Drainage 
s Area 

s 2/ 

e 0 

s Period  s 
s of  s 

s Operations 

Years  of 
Ope  ration 



1 

San  Antonio  River  at  Goliad 

( s^  0 mi  0 

3.897 

) (years)  (yrsomOo) 

192l4.“1929  15=1+ 

2 

Cibolo  Creek  near  Falls  City 

857 

1939-19U9 

1950-191+9 

18=11 

3 

Cibolo  Creek  at  Sutherland  Springs 

656 . . 

192l|.rl929 

l+°io 

hr 

Cibolo  Creek  at  Selma 

282 

19U6-I9U9 

5°7 

5 

Cibolo  Creek  above  Braken 

259 

19146-191+9 

5=2 

6 

Cibolo  Creek  above  Bulverde 

205 

19I4.6-19I4.9 

5=6 

7 

San  Antonio  River  near  Falls  City 

2,106 

1925-191+9 

2l+=6 

8 

San  Antonio  at  Calaveras 

lft86Ij. 

I9I8-I925 

0 

vn 

9 

Medina  River  near  San  Antonio 

1.505 

1939-19U9 

10=2 

10 

Medina  River  near  Riomedina 

6I|.8 

191I4-I916 

18=0 

11 

Medina. River  near  Pipe  Creek 

k70 

1918=1951+ 

1922=1951+ 

11-10 

12 

San  Pedro  Creek  at  San  Antonio 

2 

1916=1929 

13-1* 

13 

San  Antonio .River  at  San  Antonio 

i+x 

1915”1929 

25-6 

lli 

Medina  Lake  near  San  Antonio  I4./ 

587 

1939-191*9 

1913rl9l*9 

36-5 

1/  Refers  to  numbers  on  figure  10 o 
’’1/  From  Uo  So  Armye  Corps  of  Engineers o 

5/  Years  for  which  daily  discharge  records  are  available© 
1\/  Lake  level  gagco  Monthly  changes  in  volume o 
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Table  18 o Annual  Runoff  and  Maximum  and  Minimum  Discharges  at  Various  Locations  l/ 
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Water  Supply  Papers o 
Computed  from  daily  record So 
From  Uo  So  Army^,  Corps  of  Engineers  o 
Cage  reading^  discharge  not  available 


Table  19®  Miscellaneous  Maximum  Flood  Discharges 
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UcSeGoSo^  Water  Supply  Papers®  2./  Miscellaneous  measurement  =■=  not  at  regular  UeSoGaS® 
gaging  station®  ^ Drainage  Area  determined  by  U»SoGoSo  i|/  Estimated  by  U®  S®  Army^  Corps  of 
Engineers®  5/  Average  daily  discharge® 
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Figure  16 
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Figure  17 
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CALCULATION  OF  fLOOD  REDUCTIONS 
Rainfall"Runoff  Relationship 

The  Thiessen  polygon  weighting  method  was  used  to  determine  the 
rainfall  on  the  contributing  area  above  a stream  gageo  The  volume 
of  runoff  resulting  from  the  storm  being  studied  was  calculated  from 
the  hydrograph  of  the  stream,  discharge o The  depths  of  runoff  in  inches 
from  selected  typical  storms  were  plotted  opposite  the  depth  of  precipita- 
tion causing  the  runoff  and  a curve  v/as  drawn  to  represent  an  average  of 
the  plotted  points o 

In  developing  curves  indicating  rainfall-runoff  relationships  for 
tributaries  for  vtiich  stream  discharge  records  were  not  available ^ runoff 
factors  were  determined  for  each  soil  and  cover  complex  represented  in 
a similar  gaged  tributary  watershed o The  runoff  factors  were  determined 
by  an  analysis  of  applicable  experimental  data©  These  runoff  factors 
indicate  the  relative  runoff  to  be  expected ^ for  various  amounts  of 
rainfall p from  each  soil-cover  complex ^ table  20o  For  convenience,  a 
factor  value  of  unity  was  assigned  to  the  runoff  expected  from  a '*culti- 
vated,  untreated,  deep  or  shallow,  fine  textured*’  soil-cover  complex o 
The  inches  of  runoff  to  be  expected  from  each  other  soil-cover  complex 
for  each  rainfall  amount  (in  inches)  considered  was  determined  by 
multiplying  the  expected  inches  of  runoff  from  the  "unity”  soil-cover 
complex  by  the  runoff  factor  of  each  other  soil^cover  complex o The 
result  was  multiplied . by  the  area  of  the  soil-cover  complex  in  acres 
to  determine  the  total  volume  of  runoff  in  acre-inches  from  each  soil- 
cover  complex  for  each  amount  of  rainfallo  Figure  19.  shows  the  rainfall- 
runoff  curve  for  Pecan  Bayou,  Colorado  River  Watershed,  which  was  developed 
by  plotting  various  amounts  of  precipitation  against  the  corresponding 
expected  inches  of  runoff  as  computed  in  table  20 o 

Table  21  shows  the  rainfall-runoff  relationships  for  present  con- 
ditions for  the  Calaveras  Creek  Watershed,  using  the  runoff  values  as 
computed  in  table  20  for  the  various  soil-cover  complexes  and  amounts 
of  rainfallo  The  total  volume  of  runoff  for  each  depth  of  rainfall  was 
obtained  by  multiplying  the  area  of  each  soil-cover  complex  in  acres 
by  the  depth  of  runoff  in  inches  from  that  area©  The  total  number  of 
acre-inches  divided  by  the  total  area  in  acres  gave  the  weighted  average 
depth  of  runoff  in  inches  for  Calaveras  Creeko  By  plotting  amounts  of 
rainfall  against  corresponding  runoff  in  inches  the  curve  of  rainfall- 
runoff  relationships  for  present  conditions  on  the  Calaveras  Creek 
Watersheds  shown  in  figure  20,  was  obtained o 

Table  22  shows  the  rainfall-runoff  relationships  after  application 
of  complete  land  treatment  and  stabilization  measures  on  the  Calaveras 
Creek  Watershedo  The  rainfall-runoff  relationships  for  each  soil-cover 
complex,  as  shown  in  table  22,  are  the  same  as  for  present  conditions, 
but  the  application  of  land  treatment  and  stabilization  measures  on  the 


Table  20.  Soil  Cover  Complex  Data  Sheet  for  Computing  Rainfall-Runoff 
Relationship  in  Pecan  Bayou,  Colorado  River,  Texas 
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Calaveras  Creek  Watershed  changed  the  acreages  of  the  various  soil=> 
cover  complexes  and  decreased  the  expected  runoff  for  each  given  amount 
of  rainfallo  The  100  percent  land  treatment  curve  in, figure  20  was 
plotted  from  the  data  in  table  22a 

The  middle  curve  in  figure  20  shows  the  r.a inf all= runoff  relation^ 
ship  for  the  "going**  program o The  same  procedure  as.  described  above 
was  used  in  determining  this  relationshipo  This  curve  represents  the 
effect  of  the  application  of  land  treatment  measures  which  are  being 
applied  in  the  Calaveras  Creek  Watershed  by  current  agricultural  programs o 
The  amounts  of  these  measures  applied  during,  the  installation  period  of 
the  recommended  program  are  considered  as  being  the  "going**  programo 
Figure  21  shows  the  rainfall-runoff  relationships  for  present  conditions 
on  the  other  sample  watersheds  investigatedo 

Runoff-Peak  Discharge  Relationship 

The  runoff-peak  discharge  relationship  in  a given  watershed  is 
influenced  by  many  factors  including  area^  topography p climate ^ soils ^ 
land  use  and  the  shape^,  densityg  orientationg  and  hydraulics,  of  the 
stream  channels®  The  ratio  of  the  depth  of  runoff  to  the  corresponding 
peak  rate  of  discharge  under  average  conditions  is  constant  for  a given 
watershed,  as  shown  in  figure  22®  A volume  or  depth  of  loQO  inch  of 
runoff  on  this  curve  indicates  a peak  discharge -of  9s800  CofoSog  and  a 
runoff  of  2o00  inches  can  be  expected  to  produce  19^600  CofoS®  The 
runoff-peak  discharge  relationships  for  the  remaining  5 sample  watersheds 
are  shown  in  figure  23= 

Runoff-peak  discharge  curves  were  developed  for  the  gaged  areas  in 
the  San  Antonio  River  Watershed  which  are  not  materially  affected  by 
storage  reservoirs  or  diversions®  These  curves  were  compared  with  and 
checked  by  curves  developed  from  gaged  areas  near  the  San  Antonio  River 
Watershed,  as  well  as  by  the  relationship  of  discharge  in  CoSom®  for 
loOO  inch  of  runoff  at  various  gaged  stations® 

Peak  discharges  on  sample  watersheds  were  computed  from  high  water 
marks  or  miscellaneous  discharge  measurements  where  available,  and  v/ere 
related  to  precipitation  amounts  and  volumes  or  depths  of  runoff  which 
produced  these  peaks®  These  peak  discharges  were  compared  to  stream 
gage  data  for  similar  conditions  and  adjusted  so  that  reasonable  runoff- 
peak  discharge  relationships  could  be  established  for  use  in  further 
computations  ® 

The  relationship  between  depth  of  runoff  and  the  peak  rate  of  dis- 
charge in  second  feet  at  valley  cross-section  number  1 on  Calaveras  Creek 
is  shown  in  figure  22®  This  relationship  was  based  on  high  water  marks 
for  the  flood  of  September  19^6  and  substantiated  by  a miscellaneous 
discharge  measurement  by  the  Corps  of  Engineers ® 

The  momentary  peak  discharges  which  produced  the  flood  high  water 
marks  at  all  the  valley  cross-sections  on  Calaveras  Creek  were  determined 
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by  the  use  of  the  slope^area  method  and  Manning's  formula o Precipitation 
which  produced  the  discharge  was  deteimined  from  records  at  the  San 
Antonio  and  Floresville  stations o An  isohyetal  map  of  the  stosm  precipita= 
tion^,  as  developed  by  the  TJo  So  Geologicg.l  Surveys  also  ma  used  t.cr  deter^ 
mine  the  weighted  precipitation_ f or  the  storm  of  September  I9U60..  The 
calculated  runoff  from  this  storm  was  adjusted  to  that  from  similar  gaged 
areas  0 

Calculation  of  Flood  Occurrences  and  Magnitudes 

In  sample  watersheds  for  which  adeo^uate  stream  gage  records  Vvrere 
not  available  the  flood  series  was  determined  from  rainfall,  records  and 
curves  of  rainfall=runof  f relationships  o All  storms  in  the  25'=y©ar 
period  ( 1920 “”19l4i4-)  which  were  capable  of  producing  sufficient  runoff  to 
cause  flooding  in  the  creeks  under  consideration  were  . l.isted 0 Several 
storms  were  eliminated  from  consideration  because  they  occurred  shortly 
before  or  after  another  flood^producing  stormo  During  seasons,  wdthin 
which  a damaged  crop  could  be  replanted ^ - only  the  storm  producing  the 
largest  flood  within  any  15“day  period  considered  as  being  damage<= 
producingo  These  seasons  are  March  through.  June . and  the  month  of  Octobero 
During  the  non^replanting  seasons  of  July  through  September  and  November 
through  February  only  the  storm  producing  the  largest  flood  in  each 
season  was  considered  as  being  damage-=producing o 

Rainfall  on  each  sample  watershed  was  ^detemined  from  the  records 
of  precipitation,  stations  located  in  or  sufficiently  close  to  the  water= 
shed  to  be  used  in  the  Thiessen  polygon  weighting  method o In  some  water- 
sheds it  was  necessary  to  use  point  rainfall  from  the  nearest  precipitation 
station  where  breaks  in  records  occurred  from  some  of  the  stations  used 
in  the  weighting  of  precipitationo..  Figures  12  to  17  show  the  Thiessen 
weights  used  for  eacho 

In  creeks  having  stream  gage  records  the  damage-producing  flood 
series  was  selected  directly  from  stream  discharge  records o The  procedure 
for  the  elimination  of  no.n-damaging  floods  was  the  same  as  described 
above  o 

Calculation  of  Stream  Discharge  and  Area  Inundated 


Stream  discharges  and  the  corresponding  depth  of  overbank  flow  were 
computed  for  selected  depths^  f rom  bankfull  to  the  maximum  flood  stage^ 
at  each  valley  cross-sectiono  Table  23  shows  a typical  computation  used 
in  the ‘..solution  of  Manning '’s  formula  for  stream  flowo  The  relationship 
betvreen  discharge  and  stage  was  plotted  for  each  cross-section  as  shovyii 
in  figure  2U  for  cross-section  number  lo 

The  relationship  between  a given  discharge  at  the  valley  cross- 
section  used  for  reference  and  the  corresponding  discharges  at  other 
points  along  the  stream  was  established  by  use  of  the  theory  of  con- 
cordant flowo  In  this  theory  it  is  considered  that  the  maximum  rate  of 


Table  23*  Stream  Dlsoharge  Computationa  for  Valley  Cross-Section  No 
Calaveras  Creek,  Bexar  and  Wilson  Counties 
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discharge  varies  hetvreen  different  points  with  the  ratio  of  dr.-ainage 
areas  raised  tc  some  exponential  power o . .The  exponent  reflects  the  effects 
of  drainage  pattern^  uniformity  of  supply,  and  valley  storage^.  in.the 
contributing  areao  The  values  of  the  exponent  may  range  from  negative  to 
fractional,  positive  /igures..  wh,tGh,„approa,ch' uni.ty . as.  a limit o..  S elect.! on  . 
of  the  proper  concordant  flow  exponent  is  made  by  a study  of  higii  water 
marks  and  the  corresponding  discharges  at . various. points  along  the  streams 
The  exponents  were  also  checked  by  references, . to  the.  relationship  between 
flood  discharge  in  GoSoHIo  per  inch  of  runoff  to . drainage,,  area  as  indicated 
by  gaged  records  in  and  near  the,  San  Antonio  River  Watershedo  For 
Calaveras  Creek  exponents  of  0o5  and  0oS5  were  developed  for  the  purpose 
of  relating  discharge  at  the  reference  section  to  other  p.cdntSs  as  shown 
in  table  21+ o The  smaller  exponent  ms  used  for  the  area  exceeding  24 
square  miles  and  the  higher  .for  the  upper  portion  of  the  watershedo  Using 
the  0o5  exponent  in  the  headwaters  w=’Ould  result  in.  computed  discharges 
that  exceed  the  maximum,  shown  by  stream  gage,  r.eo.ordso 

To  facilitate  the  determination  of  the  relationship  existing  between 
discharge  and  the  corresponding  area  flooded  the  streams  w'ere  divided 
into  reaches  a or  segments  of  valleys ^ of  homogeneous  hydraulic  character^ 
isticso  At  a point  selected  as  being  representative  of  each  reach  a 
valley  cross=section  was  surveyed  and  plotted  for  us®  in  computi,ng  the 
stage=area  inundated  relationshipc 

The  area  inundated  was  computed  for  selected  ,s.tagss  from  bankfull 
to  maximum  floodo  The  width  of  mter  surface ..  f, or  . s.elested... stages  was 
determined,  .for  each  valley  cross°section  s!.iEila.r  t.o  .sec.tion  ,2,a  ss  shown 
in  figure  25o  The  width  of  wat3,r  sur.fao.©  ..was  converted  to  acres  flooded 
in  the  reachp  for  each  selected  stage^,  by  amlt.lplying.by  the  length  of 
reacho  The  resulting  curve  for  section  number  1 in.  Galavera.s . Creek  is 
shown  in  figure.  2'6o  Area.s  within  well ..  d©.fined..  channels  9 depressed  areas 
adjacent  to  channels ^ and  areas .of  very  shallow  depths. of  flooding  were 
not  included  in  the  area  inundated o 

The  concordant  flow  factors  and  cross-section  rating  curves  already 
described  were  used  to  determine  the  stage  at  each  cross.-section  properly 

associated  with  the  stage  at  the  reference . seotiono Table.  24  shows  the 

area  inundated  by  depth  increments  for  a,  flood  at  elevation  of  4l2o2  feet 
at  valley  cross-section  lo  The  areas  flooded  by  depth  increments  wars 
determined  for  selected  depths  from  the  stage-area  curves  for  each  cross- 
sectiono 

Areas  flooded  by  unsurveyed  streams  in  the  sample  watershed,  were 
determined  by  proration  from  surveyed  areas o A field  examination  wa.s 
made  of  the  unsurveyed  areas  and  it  was  then  determined  which  reaches 
of  the  surveyed  areas  were  similar  to  unsurveyed  areas o 

The  effect  of  duration  of  flooding  was  not  evaluated since  the 
hydrographs  for  the  areas  investigated  are  very  sharp  and  the  variations 
in  short  periods  of  inundation  would  not  affect  dairiages  or  benefits 
sigpificantly o 


76 


Table  2ko  Area  Inundated  by  Flood  With  Water  Surface 
Elevation  of  *4.12o2  nioSolo  at  Valley  Section  1 
Calaveras  Creek 


San  Antonio  River  Watersheds  Texas 


; ? Cone  or-”  s s Water  s Total 

Sect o s Drain-” sdant  Flows  Peak  s Surfaces  Area 
Noo  : age  s Factor  s DiS”.  s Eleva-=s  Flood 


1/ 

i Area  ? 

2/ 

• chareres 

tion  ?ed  3/  °0 

”1©0«  s 

1©19”5©0’ 

s Above 

( sq  ©mi  © ) 

(Cof oSo)( 

m©s  ol©)( 

acres)  ( 

acres ) 

(acres) 

(acres ) 

1 

8749 

1©000 

19,6)40 

kl2  ©2 

I4.65 

86 

397 

0 

2 

35oll 

o985 

19«350 

U26©1 

295 

29 

167 

99 

5 

82  ©38 

©972 

19 9 100 

1430  ©2 

116 

11 

3k 

71 

k 

63.71 

0853 

16.750 

)437.0 

109 

15 

58 

36 

5 

3508)4 

0626 

129500 

14)45.2 

34 

k 

8 

22 

6 

31o92 

©606 

11^900 

<457.2 

115 

8 

kl 

66 

7 

25.96 

o530 

10^)400 

466  ©7 

53 

17 

18 

18 

6 

I80O9 

©'403 

7^950 

)477.9 

121 

19 

78 

2k 

9 

13088 

©326 

6911-00 

U9606 

5)4 

9 

I45 

0 

10 

7 089 

©199 

5.900 

5l7o5 

0 

0 

Q 

0 

11 

9.67 

0I30 

2^950 

555  ©5 

63 

32 

31 

0 

12 

5.85 

©106 

2^080 

576.9 

0 

0 

0 

0 

13 

28  ©79 

©577 

ll,3it0 

145.0 

81 

k3 

38 

0 

Ik 

27o97 

©567 

II9II+O 

U57.2 

55 

8 

12 

55 

15 

25.76 

©522 

10 9260 

I4.65  ©6 

118 

11+ 

69 

35 

16 

22  ©96 

©502 

9.860 

1477.2 

226 

10 

216 

0 

17 

21©18 

©1468 

9.200 

1486  ©2 

116 

2k 

92 

0 

18 

13  ©18 

©313 

691U0 

505  o3 

9k 

18 

61 

15 

19 

8 ©27 

©207 

14.9060 

513  ©3 

22 

7 

11 

k 

20 

7ol9 

©185 

5.614-0 

527  oO 

0 

0 

0 

0 

21 

16  ©60 

©577 

7400 

14143.3 

H43 

29 

11)4 

0 

22 

1)4058 

.336 

69600 

1452.7 

1;6 

22 

24 

0 

25 

7.41 

©188 

5.700 

I4.660O 

Ik 

7 

7 

0 

2k 

6©58 

©175 

.3  Mo 

U80©5 

11 

2 

3 

6 

V 

■= 

<= 

1)48 

68 

68 

12 

Totals 

00 

2 

.517 

U82 

1.592 

143 

1/  Sections  1-“12  on  Calaveras  Creek?  Sections  13'=20  on  Chopadercs  Creek 
and  Sections  21-=2l4.  on  Parita  Creek© 

2/  Based  on  ratio  of  drainage  area  raised  to  OoBO  power  for  drainage  area 
” exceeding  2^  square  miles ^ and  Oo85  power  less  than  2k  square  miles© 
3/  From  stage-area  curves© 

I4/  Prorated  areas  on  minor  headwater  streams  similar  to  surveyed  stream© 
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INUNDATION  IN  HUNDRED  ACRES 


Figure  26 

AREA  INUNDATED  AT 
VARIOUS  LEVELS  OF  FLOODING 
VALLEY  CROSS-SECTION  NO.  I FOR  REACH  NO.I 
CALAVERAS  CREEK 

SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 


4-10  = 52  4-N-8222-26 
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The  expected  modification  of  the  peak  rates  of  discharge  by  the 
installation  of  floodwater  retarding  structures  (flood  prevention 
measures)  is  shown  for  2o00  inches  of  runoff  in  table  25* 

In  this  illustration  uncontrolled  drainage  area  refers  to  those 
parts  of  the  -watershed  v/hich  do  not  drain  into  the  proposed  floodv^ater 
retarding  structures o It  -was  assumed  that  the  reduction  in  the  peak 
rate  of  discharge  of  a stream  was  proportional . to  the  percentage  of  the 
•watershed  draining  into  the  proposed  floodwater  retarding  structures.-. 

The  reduced  peak  rate  of  discharge  was  determined  by  multiplying  the 
peak  rate  before  installation  of  the  structures  by  the  percentas'e  of 
•watershed  representing  the  uncontrolled  drainage  area  and  addine:  to  the 
product  the  release  discharge  from  structures o In  this  sample  watershed 
it  vms  assumed  that  detained  flood-waters  will  be  released  at  a rate  not 
to  exceed  4 cubic^feet  per  second  per  square  mile  of  drainage  area^ 

The  peak  rate  of  stream  discharge  as  modified  by  floodwater  retarding 
structures  -was  calculated  for  a number  of  selected  depths  of  runoff  in  the 
manner  describedo  The  corresponding  areas  - inundated  by  depth  increments^, 
as  related  to  the  overbank  stage  of  floods  were  read  from  the  stage-area 
curves  and  the  resulting  damage  was  computed o These  values  for  area 
flooded  -were  plotted  opposite  the  runoff  in  the  same  manner  as  already 
described  for  obtaining  the  runoff-area  inundated  relationship  curn’e 
shown  in  Appendix  IV „ 

This  procedure  as  described  for  Calaveras  Creek  w^s  used  for  all 
sample  watersheds o 

In  the  preceding  discussioHj,  references  to  the  recommended  program 
imply  the  use  of  various  combinations  of  measures  in  different  -W'ater= 
sheds o The  effect  of  installation  of  land  treatment  measures  was  evaluated 
in  all  sample  watersheds o The  proposed  amounts  of  these  measures  vary 
between  watersheds ^ and  the  effect  of  such  variation  is  reflected  in  the 
rainfall-runoff  relationship  developed  for  eachc  The  effect  of  flood- 
•water  retarding  structures  on  area  inundated  was  evaluated  in  all  sample 
•watersheds  where  such  structures  are  proposed o 

Areas  inundated  by  each  flood  of  the  flood  series  investigated  for 
Calaveras  Creek  under  present  conditions  and  as  modified  by  recommended 
land  treatment  and  stabilizing  measures  and  floodwater  retarding  structures 
are  sho-wn  in  table  pOs  Appendix  IV. 

Figure  58#  Appendix  V shov/s  the  six  divisions  of  the  San  Antonio 
River  Watershed  to  -vv^hich  data  from  the  sample  watersheds  was  expandedo 
The  acres  and  percent  of  land  area  of  each  of  these  divisions ^ as  well 
as  for  the  San  Antonio  River  main  stem  and  lower  Cibolo  Greeks  which 
would  be  flooded  by  the  largest  flood  in  the  damage-producing  flood 
series  is  shown  in  the  following  tabulations 
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Table  25®  Peak  Discharges  After  Installation 
of  Flood^vater  .Retarding  Structures  l/ 
Calaveras  Creek 

San  Antonio  River  Watershed^  Texas 


Valley  ; 
Cross=  s 
Section; 
Number  ; 
2/  ; 

Drainage  Area 

Con=  s Uncon= 

trolled  ; trolled 

; 

Discharge 

s Before 
% Installa= 

? tion  of 
s Structures 

sFrom  Un= 
s controll“ 
sed  Drain” 
sage  Area 

; Release 
’S  From 
s Struc= 
% i:ures 

s After 
slnstalla= 
stion  of 
s Structures 

( sqomio ) 

(percent) 

0 

0 

0 

CO 

0 

(CofoSo) 

(CofoSo) 

1 (C(?f*oSo) 

2k 

6 066 

0 

3.440 

0 

27 

27 

23 

6066 

lOol 

3.700 

374 

27 

14.01 

22 

6066 

54.3 

6,600 

3.584 

27 

3.611 

21 

6 066 

59  o9 

7.400 

4.453 

27 

k sk6o 

20 

0 

100  oO 

5.640 

3.640 

0 

3,640 

19 

0 

lOOoO 

l+,060 

l4-,060 

0 

I+.O6O 

18 

0 

100  oO 

6.140 

6,114.0 

0 

6.140 

17 

2O08U 

0 

9.200 

0 

83 

83 

16 

2O08I4. 

9o2 

9.860 

907 

83 

990 

15 

20o8)+ 

19  ol 

10^260 

1.960 

83 

2.043 

Ik 

2O08I+ 

25o5 

11,11+0 

2.841 

83 

2.924 

13 

2O08I+ 

27  06 

11.340 

3.130 

83 

3.213 

12 

0 

100  oO 

2,080 

2,080 

0 

2,080 

11 

5®58 

0 

2.950 

0 

22 

22 

10 

5^58 

29.4 

3.900 

1,147 

22 

1.169 

9 

7o79 

l4i4-oO 

6pl+00 

2,816 

31 

2.847 

8 

9M 

l4.8cO 

7.950 

3.816 

38 

3.854 

7 

lU®18 

40.9 

10,14.00 

4.254 

57 

4.311 

6 

20®01 

37o3 

11,900 

4,459 

80 

4.519 

5 

2O0OI 

I4.0  0 8 

12,300 

5.018 

80 

5.098 

k 

UO085 

35^9 

16.750 

6,013 

163 

6.176 

3 

47.51 

42.3 

19.100 

8,079 

190 

8.269 

2 

47.51 

44.2 

19.350 

8,553 

190 

8.743 

1 

47.51 

45.7 

19.640 

8,975 

190 

9.165 

1/  For  storm  producing  2o00  inches  of  runoff  above  valley  cross“ 
section  1® 

2/  Numbers  1=12  on  Calaveras  Creek  Main  Stemi  13'=20  on  Chopaderos 
Creekj  21=214.  on  Parita  Creek® 
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Location  l/ 

: Acres 

s Percent 

Area  1^ 

Like  Cibolo  Creek  above 

Selma  Gage 

17s 100 

2 060 

Area  2^, 

Like  Salado  Creek 

8,200 

lo78 

Area  3s 

Like  Santa  Clara  Creek 

15s 500 

12o30 

Area  l+s 

Like  Calaveras  Creek 

16,700 

14062 

Area  5s 

Like  Escondido  Creek 

18,500 

UoOl  2/ 

Area  6g 

Like  Manahuilla  Creek 

11,600 

2.3h 

San  Antonio  River » Main  Stem 

90.965 

Cibolo  ' 

Creeks  below  Selma  Gage^ 

Main  Stem 

5 s 100 

l/  Refers  to  figure  58^  Appendix  Vo 

2/  Excluding  area  of  Corps  of  Engineers  recommended  project o 


The  relationship  between  flood  magnitude  and  flood  plain  area 
inundated  was  developed  for  each  sample  watershed o Figure  27  shows 
this  relationship  for  Calaveras  Creek  and  figure  28  includes  the 
remaining  5 sample  watersheds  investigated 0 These  curves  indicate  that 
the  majority  of  floods  inundate  only  a small  portion  of  the  maximum 
flood  plaino  Out  of  a total  of  floods  on  Calaveras  Creeks  29  inundated 
an  area  from  1 to  5U0  acres  s I3  floods  inundated  from  5*41=1105  acres  1 
8 floods  inundated  from  IIO6-I69O  acres?  and  only  I4.  floods  exceeded  I69O 
acres  of  inundationo 

Floodwater  Retarding  Structures 

Field  reconnaissance  a site  surveys  and  additional  analysis  reveal 
that  systems  of  floodwater  retarding  structures  are  feasible  in  a number 
of  the  creek  watersheds o Areas  in  which  floodwater  retarding  structures 
are  recommended  are  shown  in  figure  39 a Appendix  Vo 

Floodwater  retarding  structures  were  designed  to  have  a detention 
capacity  approximating  the  volume  of  runoff  to  be  expected  from  a 25“ 
year  frequency  stormo  For  Calaveras  Creek  the  expected  average  depth 
of  runoff  usedg  for  such  a storm^  was  *4060  incheso  The  minimum  volume 
of  reserve  storage  capacity  provided  was  equal  to  the  volume  of  sediment 
expected  within  80  years o In  areas  where  sediment  contribution  rates 
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are  now  highf,  floodwater  retarding  structures  should  not  be  constructed 
until  the  needed  land  treatment  measures  have  been  applied  and  the  rates 
reduced o A permanent  storage  pool  not  more  than  12  feet  in  depth  will 
be  provided  for  stockwater  and  other  purposes o 

Detention  pools  will  empty  through  uncontrolled  drop=>inlet  type 
discharge  structures  at  a rate  not  exceeding  U' second~feet  per  square 
mile  of  drainage  areao  Figure  29  indicates  the  effect  of  storage  volume 
on  release  rates o 

Estimated  costs  of  floodivater  retarding  structures  were  based  on 
the  following  general  design  critierias 

Drainage  Area  Controlled  by  Frequency^Volume  of 

Structures  3 Square^Miles  Runoff  Controlled 


Estimates  of  costs  for  structures  were  made  assuming  all  would  have 
rolled  earth  fill  with  the  exception  of  one  large  reservoir  site  on 
Cibolo  Creek  where  rock  fill  was  cons ide redo  Spillways  were  designed 
according  to  Texas  State  Board  of  Water  Engineers  requirements o Concrete 
emergency  spillways  were  considered  on  structures  with  drainage  areas 
exceeding  eleven  square  miles  and  which  had  insufficient  detention 
capacity  to  contain  the  lOO^year  frequency  flood o Vegetative  spillways 
were  provided  for  structures  where  required  volumes  were  available o 

The  investigation  of  floodwater  retarding  structures  included 
necessary  relocation  or  elevation  of  roads » relocation  of  farmsteads ^ 
storage  volume  and  surface  area  in  various  pools  and  the  amount  of 
embankment o 

Pertinent  data  and  number  of  structures  included  in  the  recommended 
program  are  given  in  Appendix  Vo  Information  regarding  surveyed  flcod“ 
water  retarding  structure  sites  in  the  Calaveras  Creek  sample  watershed 
is  included  in  the  following  tabulationo 


0=5o9 

6o0-10o9 


29“ysar  frequency 
25“100  year  frequency 
100=year  frequency 


IloO  plus 
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Figure  29 

RATING  CURVE 
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•Surface  Area  i 
Storage  Volume 5 Top  of:Spill<=s 


Site 

No© 

: Drain-: 
: age  ; 
; Area  ; 

: Per- 

Detention  :manent 

Pool  : Pool 

Re  s e rve : 

: Per- 

Total  Jmanent 
: Pool 

s way 
: Eleva- 
: tion 

i Embank- 
: ment 
• 

( sq  ©mi  0 ) ( inches ) ( 

3.Cof*"bo)(3.Co  f "b  0 

)(acoft © )( 

ac  oft© )( 

acres 

) (acres 

)(cu©yds  c 

2 

5 083 

lj.06 

I.U30  187 

0 

1,617 

44 

177 

66*817 

5 

1©62 

I4.06 

398  69 

0 

1+67 

27 

63 

43  .416 

k 

2o21 

U06 

5I+2  82 

0 

624 

75 

62  *469 

8 

5o58 

•4  06 

1.369  179 

0 

l,5i+8 

53 

160 

127. 510 

9 

Uo77 

14.06 

1.170  165 

0 

1.335 

37 

155 

76,199 

16 

20©8li. 

8©8 

9.781  356 

1LI.6 

10*283 

75 

820 

299.584 

18 

6 ©66 

I4.06 

I.63U  111+ 

99 

1,81+7 

25 

182 

63,539 

Total  l4-7°51  1/ 

l6.32i+  1.152 

2U5 

17.721 

280 

.1,632 

739.531+ 

1/  This  is  U9°5  percent  of  the  96 ®0  square  miles  drainage  area  in  the 
sample  watershed 


Effects  of  the  Recommended  Program  on  Water  I^esources 

Since  surface  water  resources  are  used  for  much  of  the  irrigation 
in  the  San  Antonio  River  Watershed^  the  probable  effects  of  the  recom^ 
mended  program  on  surface  water  resources  are  discussed  in  Appendix  VII 0 
Table  58s  Appendix,  VII  shows  that  approximately  50  . percent  of  the 
increased  volume  of  water  expected  to  be  infiltrated  due  to  land  treat= 
ment  can  be  expected  to  percolate^  to  deep  ground  water  aquifers  and  will 
result  in  a loss  of  9=11  percent  of  present  surface  water  resources  at 
selected  gaging  stations o In  addition^  the  net.  evaporation.  from  the 
permanent  pools  of  recommended  floodwater  retarding  structures  would 
reduce  the  present  annual  yields  of  runoff  at  selected  stations  by 
approximately  1 percent o 

Floods  on  the  San  Antonio  River  and  Lower  Cibolo  Creek  Main  Stems 

An  investigation  was  made  of  the  areas  inundated  along  the  main 
stem  on  the  San  Antonio  River  from  the  city  limits  of  San  Antonio  to  the 
mouth  of  the  river*  and  along  Cibolo  Creek  below  the  Selma  stream  gaging 
station©  Four  major  reaches  as  previously  used  by  the  Corps  of  Engineers* 
figure  g were  considered  on  the  San  Antonio  River©  The  area  above 
reach  I|.  on  the  San  Antonio  River  was  excluded*  as  this  is  the  area  where 
the  recomm.ended  project  of  the  Department  of  the  Army*  Corps  of  Engineers  J./ 
is  to  be  installed© 

The  area  inundated  in  the  main  stem  reaches  investigated  was  based 
on  stream  discharge  data  collected  and  published  by  the  U © S©  Geological 
Surveys©  In  addition*  the  rainfall^runof f relationships  curve  was  used 
to  estimate  peak  discharges  for  periods  when  gaging  stations  were  not 

in  operation©  

17  Report  on  Survey  of  Guadalupe  and  San  Antonio  Rivers  and  Tributaries  * 
Texas*  Department  of  the  Army*  Corps  of  Engineers o 
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Reductions  in  peak  discharges  due  to  the  installation  of  recommended 
floodwater  retarding  structures  were  based  on  the  percent  of  watershed 
area  controlled  by  these  structures  at  each  main  stem  valley  reacho 
Releases  from  the  structures  were  added  to  the  hydrographs  of  runoff 
from  uncontrolled  areas  in  determining  the  net  reductions o 

The  reductions  in  volume  of  runoff  were  related  to  the  peak  dis“ 
charges p which  in  turn  were  related  to  stage  and  area  inundated ^ for  all 
conditions  investigatedo 

Peak  discharge-area  inundated  curves  were  developed  for  several 
reaches  so  that  crop  and  pasture  damages  for  each  flood  in  the  series 
could  be  determined s,  Appendices  IV  and  VI o 

Basic  Datas  Flood  routing  under  present  conditions  for  each  of  the 
floods  producing  damages  along  the  main  stems  was  based  on  published  Uo  So 
Geological  Survey  stream  discharge  data  on  the  San  Antonin  River  and  Cibolo 
Creeko  The  periods  of  record  and  other  pertinent  data  are  shown  in_  tables 
17s  18  and  19o  Rainfall<=runoff  and  depth=area  relationships  and  high 
water  marks  were  also  used  where  stream  discharge  data  was  not  available o 

Engineering  data  from  the  Corps  of  Engineers g Uo  So  Army^  were  made 
available  for  the  four  major  reaches  on  the  San  Antonio  River©  These 
data  included  the  following  informations 

lo  Detailed  maps  showing  general  physical  features g outline  of 

the  flood  plain®  location  of  some  of  the  valley  cross-sections 
and  location  and  extent  of  reaches© 

2o  Profiles  of  the  river  showing  the  thalweg®  elevations  of  stream 
banks  and  high  water  mark  elevations  for  various  floods  of 
record© 

5©  Profiles  of  valley  and  channel  cross-sections© 

I4.0  Copies  of  curves  for  reaches  1 through  Ij.  showing  the  percent  of 
area  inundated  in  relation  to  peak  discharges© 

5©  A tabulation  showing  the  area  inundated  for  various  reaches 
and  the  land  use  of  these  areas© 

Calculation  of  Stream  Discharge  and  Area  Inundated®  Main  Stem  of 
San  Antonio  Riven  Stream  discharges  and  the  corresponding  depth  of 
overbank  flow  were  computed  for  selected  depths  from  bank-full  to  the 
maximum  flood  stage  at  each  of  2I4.  valley  cross-sections©  These  2l+  minor 
reaches  make  up  the  U major  reaches  used  in  the  investigation  of  the  San 
Antonio  River  main  stem©  The  method  used  for  determining  area  inundated 
and  the  damages  for  the  main  stem  of  the  San  Antonio  River  is  essentially 
the  same  as  the  method  which  was  used  for  the  Calaveras  Creek  Watershed© 

The  details  of  calculations  which  follow  apply  to  the  investigation  of 
the  [4.  major  reaches  on  the  San  Antonio  River© 
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The  2ii  valley  cross“sections  mentioned  above  were  located  on  the 
plotted  profiles o At  these  locations  the  stages  for  the  various  peak 
discharges  as  determined  by  the  Corps  of  Engineers  were  tabulated o Using 
these  stages  and  discharges ^ rating  curves  were  plotted  for  each  of  the 
2h  valley  cross-sections o 

The  elevation  of  ’’start  of  flooding”  was  taken  from  the  cross- 
sections  secured  from  the  Corps  of  Engineers  o This  point  for  ’’start  of 
flooding”  was  then  recorded  on  the  rating  curve  for  each  of  the  2h  valley 
cross-sections o Using  the  elevations  for  ’’start  of  flooding”  as  zerop 
the  width  of  the  flood  plain  for  various  elevations  above  this  point 
was  measured  and  tabulated  until  the  maximum  flood  elevation  was  reached  a 
The  total  area  inundated  at  the  maximum  flood  elevation  was  determined 
by  the  Corps  of  Engineers  and  this  figure  was  used  in  this  investigations 

Having  established  the  point  where  flooding  begins  and  the  maximum 
flood  plain  areas  the  areas  inundated  at  elevations  between  zero  and  100 
percent  inundation  were  then  calculated  as  a percent  of  the  width  at  each 
elevation  to  the  maximum  widtho  Using  these  results ^ stage-area  inunda- 
tion curves  were  plotted  for  each  of  the  minor  valley  reaches o 

Selected  floods  ware  routed  through  the  2h  valley  cross-sections o 
From  these  routings ^ th®  areas  inundated  by  various  increments  of  depth 
were  computed  for  each  of  the  I4.  major  reaches®  The  areas  inundated  by 
depth  increments  for  each  of  the  major  reaches  were  totaled®  The  total 
of  all  depth  increments  of  flooding  was  then  plotted  against  the  peak 
discharge  at  the  reference  section^,  as  was  done  in  figure  Appendix  IV » 
Flooding  by  depth  increments  was  used  to  estimate  flood  damages  as 
explained  in  Appendix  IV o 

The  area  inundated  for  each  flood  in  the  series  was  determined  for 
present  conditions  from  the  routing  of  all  runoff  from  flood-producing 
storms  through  each  of  the  major  reaches® 

To  determine,  the,  area  inundated  for. each  flood  in  the  series  under 
future  conditions  with  the  land  treatment  program  in  effects  rainfall- 
runoff  relationships  were  developed  using  the  changed  acreages  of  the 
various  soil-cover  complexes®  This  procedure,  is  explained  under  Rainfall- 
Runoff  Relationships®  Using  the  rainfall-runoff  relationships  for  future 
land  use  conditions  and  the  stage-area  inundation  curves ^ the  area  inun- 
dated by  each  flood  was  determined®  The  total  area  inundated  for  the 
flood  series  was  obtained  and  divided  by  the  period  of  years. of  the  series 
to  obtain  the  average  annual  acres  inundated® 

The  effect  of  the  floodwater  retarding  structures  on  peak  discharge 
and  area  inundated  was  computed  assuming  that  land  treatment  and  stabil.iz- 
ing  measures  had  been  applied  and  were  effective®  The  procedure  for 
determining  the  effects  of  the  floodwater  retarding  structures  on  peak 
discharges  along  the  main  stem  of  the  San  Antonio  River  is  essentially  the 
dame  as  that  described  under  Calculation  of  Stream  Discharge  and  Area 
Inundated®  The  flood  series  and  other  pertinent  data  for  each  of  the 
1).  major  reaches  are  shown  in  table  J>6g  Appendix  IV® 
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APPENDIX  IV 

WATERSHED  FLOOD  PROBLEMS  AND  .RELATED  DAMAGES 
DESCRIPTION  OF  FLOOD  DAMAGES 

Flood  damage  in  creek  watersheds  is  often  caused  by  thunderstorms 
which  are  usually  characterized  by  intense  precipitation^  occur  at 
relatively  frequent  intervals  and  cover  small  portions  of  the  watershed o 
This  flood  damage  is  primarily  to  crops ^ pastures  and  fences  with  lesser 
damage  to  roads ^ bridges  and  other  property o In  the  San  Antonio  River 
Watershed  as  a whole  flood  damage  usually  results  from  general  storms 
which  originate  in  the  Gulf  of  Mexico  or  the  Southwestern  Highlands  and 
cover  a major  part  of  the  watershedo  These  general  storms  may  cause 
widespread  damage  both  in  tributary  areas  and  in  the  main  stem  flood  plains 
belowo  Large  quantities  of  sediment  are  carried  by  these  large  floods 
and  flood  plain  lands  are  often  scoured  and  new  channels  cut  by  flood 
flows  o Severe  damage  to  crops  and  pastures ^ fences ^ roads s bridges ^ 
railroads  0 buildings  and  urban  property  occur  in  the  watershed  as  a result 
of  flood  flows o 

The  social  and  economic  problems  arising  from  floods  in  the  San  Antonio 
River  Watershed  are  closely  related  to  agricultural  and  urban  flood  damages® 
These  problems  include  direct  income  losses  to  farm  operators g damage  to 
flood  plain  lands g loss  to  local  businessesg  losses  to  home  owners  and 
tenants  g the  fears  associated  v.dth  possible  future  floods  and  indirect 
losses  which  may  occur  due  to  the  decline  in  property  values  and  community 
services  o 

The  amount  of  damage  caused  by  any  flood  varies  with  the  severity 
and  extent  of  the  storm  and  the  season  of  the  year  in  which  the  flood 
occurs o Floods  in  the  San  Antonio  River  Watershed  have  occurred  during 
all  months  of  the  year  but  most  frequently  in  April,  May  and  June® 

During  this  season  serious  damage  is  done  to  growing  crops  and  complete 
loss  of  mature  small  grain  crops  may  occur o September  and  December 
are  months  in  which  floods  are  next  highest  in  frequency  of  occurrence 
and  cause  damage  to  mature  crops  or  newly  planted  cropsa  Floods  occur- 
ring  during  the  winter  months  cause  less  damage  to  crops  than  is  caused 
by  floods  in  other  seasons o 

Unless  preventative  work  is  done g flooding  can  be  expected  to 
increase  in  frequency  of  occurrence g magnitude  and  severity  of  damage o 
This  will  be  caused  by  deterioration  of  land  cover g increased  erosion  and 
runoff  and  continued  sedimentation  and  scour  of  channels  and  flood  plains c, 

The  annual  flood  damage  in  the  San  Antonio  River  .Watershed,  excluding 
that  within  San  Antonio  and  Kenedy,  amounts  to  approximately 
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METHODS  OF  ESTIMJITING  FLOOD  DAMAGES 
Area  Included  in  Estimates 


No  damages p other  than  sedimentation  of  resenroirsp  were  oalculatodp 
nor  corresponding  benefits  estimated  in  the  area  presently  inundated  by 
Medina  Lakeo 

No  damages  or  benefits  were  estimated  in  areas  within  the  city  of  San 
Antonio  or  on  Escondido  Creek  from  a point  at  Uo  So  Highway  Number  181  with- 
in the  city  of  Kenedy  downstream  for  a distance  of  approximately  2oh  river 
miles o In  these  areas  works  of  improvement  have  been  recommended  by  the 
Corps  of  Engineers o On  all  other  areas  flood  damages  and  expected  benefits 
from  the  recommended  program  were  evaluated o 

Flood  damages  were  found  to  be  minor  on  major  portions  of  the  follow- 
ing creek  watersheds;  Upper  Medina  Riveri  Salado  and  Marcelinas  Creeks  of 
the  Upper  San  Antonio  Riveri  San  Geronimo  and  Leon  Creeks  of  the  Lower 
Medina  Riveri  Upper  Ecleto  Creeki  and  Cabezap  Manahuilla  and  Hord  Creeks 
of  the  Lower  San  Antonio  Rivero  Damages  were  also  found  to  be  minor  along 
the  main  stem  of  the  San  Antonio  River  from  a point  near  the  east  boundary 
of  Goliad  County  downstream  to  the  mouth o 

Estimation  of  Floodwater  Damage 


Floodwater  damage p based  on  prices  and  values  from  1950p  was  cal- 
culated in  sufficient  detail  to  permit  estimation  of  future  expected  flood 
damage o The  calculation  included  estima. es  of  damage  which  would  occur 
both  with  and  without  the  various  phases  of  the  recommended  programo 
Estimates  of  damage  to  crops p pasturep  other  agricultural  propertyp  and 
roads  and  bridges  were  based  on  an  analysis  of  flood  damage  schedules 
obtained  in  the  field o Damage  schedules  were  obtained  on  representative 
samples  ranging  from  15  to  90  percent  of  the  flood  plain  within  each  sample 
watershed p depending  upon  the  type  and  intensity  of  use  and  damage o With 
the  exception  of  sediment  damage  to  reservoirs p the  estimates  of  damages 
in  the  creek  watersheds  were  based  on  studies  of  six  representative 
sample  watersheds o 

Floodwater  damages  were  calculated  separately  for  reaches  of  the 
m.ain  streams  and  for  sample  watersheds  o The  data  from  sample  watersheds 
were  expanded  to  creek  watershed  areas  of  similar  characteristics o 
Estimates  of  sediment  damage  to  reservoirs  were  made  for  the  individual 
reservoir  and  included  in  the  appropriate  creek  watershed© 

Crop  and  Pasture  Damages  The  flood  damage  to  any  crop  or  pasture 
was  computed  through  the  following  steps; 

lo  Determine  the  difference  between  the  value  per  acre  of  the  un- 
damaged  crop  and  its  value  after  flooding© 
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2o  Subtract  the  costs  not  incurred  in  growing  and  harvesting o 

3o  Add  the  costs  of  the  extra  cultivation  caused  by  floods g or 

I|.o  Add  the  costs  of  all  operations  in  producing  an  alternative 
crop  of  equal  or  lesser  net  value o 

5o  Subtract  the  gross  value  of  the  alternate  crop.o 


The  dollars  of  net  damage  per  acre  were  then  divided  by  the  original  per 
acre  undamaged  value  of  the  crop  to  determine  a percent  damage  factor© 
For  example,  the  percent  damage  factor  to  cottoi 
lol“3°0  feet  in  May^  was  calculated  as  follows? 

Value  of  original  crop 

Value  of  original  crop  after  flood 

(1)  Gross  damage 

(2)  Minus  expenses  saved 
(harvesting g ginning g etCo) 


(3)  Plus  added  expense  (extra 
cultivation) 

Net  flood  damage 


flooded  at 

a depth  of 

177 o20 

per 

acre 

ro 

0 

0 

CD 

pe  r 

acre 

$560 12 

per 

acre 

|i5a8 

per 

acre 

$1+0.91+ 

per 

acre 

$ 1.52 

per 

acre 

$142*146 

per 

acre 

The  percent  damage  factor  is  therefore  II42 0)4.6 /f‘77o 20  times  lOOp  or  55 
percent  of  the  net  flood  damage*  The  percent  damage  factor  to  each  crop 
was  determined  for  months  and  depths  of  flooding  by  the  method  illustrate 
ed  above*  The  monthly  percent  damage  factors  were  used  as  a base  for 
application  in  all  creek  watersheds  and  the  main  stem  of  the  San  Antonio 
River*  Monthly  percent  damage  factors  were  converted  to  seasonal  damage 
factors  by  weighting  the  monthly  percentages  of  each  month  in  the  season 
by  the  number  of  flood  occurrences  of  each  month  as  determined  from  the 
flood  series  for  each  sample  watershed* 


The  major  land  uses  of  the  flood  plain  were  determined  from  data 
obtained  from  surveyed  cross-sections  and  by  analysis  of  aerial  photographs* 
The  percentage  of  cultivated  land  occupied  by  each  major  crop  was  com- 
puted from  field  schedules*  These  schedules  also  supplied  the  informa- 
tion from  which  crop  yields  were  estimated*  From  these  data  a composite 
damage  rate  per  flooded  acre  was  calculated  for  each  season  and  depth 
of  flooding  as  illustrated  in  tables  26  and  27°  A composite  damage  rate 
per  flooded  acre  was  used  when  field  investigations  showed  that  variations 
in  land  use  at  different  elevations  of  a given  cros’fe-section  were  not 
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Table  26o  Composite  Damageable  Value  of  Crops  and 
Pasture  Per  Acre  of  Flood  Plain 
Calaveras  Creek  Sample  Watershed 

San  Antonio  River  Watershed,  Texas 


8 8 8 8 S 8 

sFlood  Plaing  jYield  Per gProduction  * Value  gValue 

Crop  Use  § in  g Unit  g Acre  of  gper  Acre  ofg  Per  §of  Pro- 

g Each  Use  g g Crop  gFlood  Plaing  Unit  gduction 

(percent)  — — — ' ' ' (dollars )( dollars ) 


Corn 

15  oO 

bu  o 

3i+o0 

5oioo 

1,2U 

6o32 

Grain  Sorghum 

6o0 

bu  o 

37oO 

2o220 

loOl 

2«2i4. 

Peanuts 

0,6 

bu  e 

25o0 

00150 

3o30 

0o50 

Oats 

3o0 

bu  o 

3O0O 

0,900 

O08I 

Oo73 

Meadow 

5o9 

ton 

lo98 

1017 

l6o22 

io90 

Idle  Cropland 

lo5 

Pasture 

6Ii-o2 

AIM 

o.3lt7 

6.1i3 

2o23 

13  o92 
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Table  27®  Composite  Crop  and  Pasture  Damage  Rate  per  Acre  Flooded 
by  Season  and  Depth  of  Flooding,  Calaveras  Creek  Sample  Watershed 
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significanto  "^ere  land  use  varied  significantly  by  elevations ^ crop 
and  pasture  damages  were  adjusted  accordinglyo  A stream  was  divided 
into  reaches g and  a composite  damage  rate  was  calculated  for  each  reach 
where  significant  differences  were  found  in  the  land  use  of  the  flood 
plain  along  the  length  of  the  streamo 

Flood  Plain  Scour  Damage?  The  physical  land  damage  due  to  scour 
was  determined  by  investigation  of  the  stream  valleys o It  was  estimated 
that  scour  damage  for  the  San  Antonio  River  Watershed  occurs  in  about 
a ten^year  cycle  from  the  original  damage  to  recovery  and  that  the 
amount  of  damage  is  not  increasing  appreciably  in  most  areas  but  has 
tended  to  reach  a state  of  equilibriumo  The  damage  to  land  is  in 
addition  to  crop  and  pasture  damage  estimates  since  estimates  of  the 
yields  used  in  crop  and  pasture  damage  evaluation  are  based  on  conditions 
existing  at  the  present  time  a inclusive  of  the  scoured  areas o 

The  report  of  the  damage  appraiser  listed  the  acreage  damaged  and 
the  degree  of  damage o The  following  calculations  are  illustrative  of 
the  procedure  used  in  determining  scour  damage  to  land  under  present 
v;atershed  conditions? 

Calaveras  Creek  Sample  Watershed 

17 0I4.  acres  damaged  annually  by  10  percento 

760I+  acres  damaged  annually  by  25  percent© 

2h.h  acres  damaged  annually  by  50  percent© 

6 ©8  acres  damaged  annually  by  75  percent© 

^13ol3  “ annual  per  acre  value  of  production  less  variable  costs 
(variable  costs  are  those  production  costs  that  vary  with 
difference  in  yield)© 

10  percent  of  $13ol3  x 17oIi.  “ |22©85  net  value  of  production  loss 
on  area  damaged  10  percent ^ year  of  original  damage© 

25  percent  of  $13 <=13  ^ ° |250©78  net  value  of  production 

loss  on  area  damaged  25  percent ^ year  of  original  damage© 

50  percent  of  $13ol3  x 2l4.©l4.  “ $l60©18  net  value  of  production 
loss  on  area  damaged  50  percents  year  of  original  damage© 

75  percent  of  $L3ol3  x 6©8  = |66©96  net  value  of  production  loss 
on  area  damaged  75  percent ^ year  of  original  damage© 

$22  ©85  / $250 ©78  / $160 ©18  / $66096  s $500 ©77  net  value  of  pro-= 
duction  loss  on  total  areap  year  of  original  damage© 

l).o725  ° present  worth  of  $1©00  decreasing  at  a constant  annual 
rate  to  0 in  a 10=year  period© 

<* 

l|.o725  X $500°77  “ $2p3^5  average  annual  scour  damage© 
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An  index  of  flooding  virs  used  to  determine  scour  damage  under  future 
watershed  conditions o The  total  acreage  flooded  during  the  period  of 
record  under  present  conditions  was  taken  as  100  percent o Total  acres 
flooded  with  the  going  program^  with  complete  land  treatment  and  stabiliz- 
ing measures  and  with  the  recommended  program  were  expressed  as  per- 
centages of  the  present  acres  flooded ^ table  28®  The  present  damage  was 
then  multiplied  by  these  percentages  to  derive  the  damage  under  future 
treated  conditions o Installation  of  the  recommended  program  will  have 
a beneficial  effect  by  reducing  the  number  of  acres  scoured  annually  to 
less  than  the  acreage  of  annual  recoveryo 

Other  Agricultural  Damages  Estimates  of  other  agricultural  damage 
•were  based  on  field  damage  schedules o Damages  to  fencesg  livestockp 
buildings s stored  crops ^ farm  roads  and  bridges  and  similar  agricultural 
property  were  tabulated©  The  totals  were  converted  to  a per  acre  figure 
by  dividing  the  acres  flooded  into  the  total  damage  from  each  flood© 

The  per  acre  damage  rate  was  then  correlated  with  the  size  of  the  flood 
in  proportion  to  the  flood  plain  inundated  by  the  maximum  flood  in  the 
flood  series©  Per  acre  damages  from  the  floods  were  plotted  against  the 
percentages  of  the  flood  plain  inundated  to  arrive  at  a percentage  in- 
undated-damage  relationship©  The  curve  for  Calaveras  Creek  sample  r,raiter- 
shed  is  sho-wn  in  figure  ^lo 

Nonagricultural  Damages  Road^,  bridge  and  railroad  damage  data 
Vv'ere  obtained  from  farmers  j,  county  road  commissioners  ^ state  highway 
maintenance  departments  and  railroad  companies©  The  items  dama.ged 
were  definitely  located  to  preclude  duplication©  The  total  damage  esti- 
mated from  a specific  flood  in  a sample  watershed  was  divided  by  the 
acreage  inundated  to  arrive  at  the  damage  val'ae  per  acre  for  that  flood© 
Per  acre  damages  for  several  floods  were  plotted  againat  the  percentage 
of  flood  plain  inundated  to  arrive  at  a percentage  inundated-damage 
relationship©  The  curve  for  Calaveras  Creek  sample  -vv^tershed  is  shown 
in  figure  31° 

Nonagricultrual  damages  along  the  main  stem  of  the  San  Antonio 
River  and  Lower  Cibolo  Creek  were  taken  from  the  Report  on  Survey  of 
Guadalupe  and  San  Antonio  Rivers  and  Tributaries  Texae  l/© 

Urban  damages  evaluated  in  the  creeks  tributary  to  the  San  Antonio 
River  are  relatively  small©  Estimates  of  this  type  of  localized  damage 
were  obtained  from  city  officials p files  of  local  newspapers  and  indi- 
viduals familiar  -with  local  history©  Urban  damage  and  nonagricultural 
damage  data  used  on  the  main  stem  of  the  San  Antonio  River  were  taken  from 
the  investigations  made  by  the  Corps  of  Engineers  ^/© 

Information  on  flood  damages  to  industrial  installations ^ such  as 
pipe  lines  and  oil  pumping  stations ^ w^as  obtained  through  interviews 
with  local  field  personnel  in  charge  of  the  installations© 


l/  Corps  of  Engineers  0 Department  of  the  Armye  October  1950 o Unpublished© 
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Table  28 o Index  of  Area  Flooded  Under  Present  Conditions 
and  With  Phases  of  the  Recommended  Program  Installed 
San  Antonio  River  Watershed ^ Texas o 


Sample 

Watershed 

0 

0 

Flood 

Index  " Percent 

o 

0 

§ Under 
8 Present 
gConditions 

gViith  Going gWith  Complete  gWith  Land  Treat" 
g Land  gLand  Treatment gment  and  Flood- 

gTreatment  gand  Stabiliz-  gwater  Retarding 
g Measures  sing  Measures  g Structures 

Calaveras  Creek 

100 

80  o8 

6I1.06 

12o0 

Salado  Creek 

100 

90  o9 

80  o5 

52  o3 

Escondido  Creek 

100 

92  oh 

85  08 

314.014. 

Santa  Clara  Creek 

100 

90  ok 

73 

65  o2 
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Manahu i 11a  Creek 
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81o7 
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DAMAGE  IN  DOLLARS  PER  ACRE  INUNDATED 
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SIZE  OF  FLOOD  IN  PERCENTAGE  OF  AREA  INUNDATED 
BY  MAXIMUM  FLOOD  OF  SERIES 


Figure  31 

FLOOD  DAMAGE  TO  ROADS  AND  BRIDGES 

AND 

OTHER  AGRICULTURE  DAMAGES 
CALAVERAS  CREEK 

SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 


W.CB.  4-9-52  4-N-8222-23 
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Stream  Bank  Erosion  Damages  Estimates  of  the  acres  of  flood  plain 
land  damaged  annually  hy  stream  bank  erosion  were  based  on  reconnaissances 
of  the  stream  valleys  and  on  valley  cross°sections o The  annual  loss  of 
net  income  was  capitalised  to  determine  the  annual  rate  of  damgeo  As 
the  annual  damage  from  stream  bank  erosion  is  relatively  small  and  no 
special  measures  for  alleviation  of  the  damage  appear  feasible  at  this 
timep  future  damages  are  assumed  to  be  the  same  as  at  the  present o Loss 
of  production  in  the  future  from  this  source  was  considered  in  estimating 
crop  and  pasture  damage o 

Indirect  Damages  Flood  damages  to  crops  cause  an  indirect  danage 
through  loss  of  business  in  the  community o For  example ^ if  part  of  a 
cotton  crop  is  destroyed^  cotton  gins  and  compresses  will  lose  a part 
of  their  normal  profits  and  workers  in  the  gins  will  suffer  loss  of 
wages o Available  information  l/  on  relationships  between  the  volume 
of  business  and  the  profits  and  labor  earnings  were  analyzed  and  curves 
were  constructed  showing  the  relationship  of  indirect  damage  of  this 
type  to  direct  damages o Other  indirect  damages  attributable  to  floods 
include  losses  as  a result  of  delay  or  rerouting  of  travel  and  transport 
tation^  relief  and  rehabilitation  of  flood  victims ^ and. similar  items o 
These  damages  were  estimated  from  the  best  available  information  that 
could  be  obtained o 

Valley  Sediment  Damages  The  physical  damage  to  land  by  overbank 
deposition  of  sediment  upon  the  flood  plains  of  sample  watersheds  and 
main  stem  reaches  of  the  San  Antonio  River  w'as  determined  by  reconnais- 
sance  and  detailed  survey  investigations  a The  damage  appraisers  determined 
the  average  acreage  damaged  annually  by  damage  classes  and  these  estimates 
of  present  damage  were  used  as  a basis  f estimating  expected  future 
damage  o 

On  areas  where  overbank  deposition  of  sediment  occurs  j,  the  loss  of 
net  income  on  the  area  damaged  annually  was  capitalized  to  determine  the 
average  annual  damage o The  follov;ing  calculations  are  illustrative  of 
the  procedure  used  in  determining  sediment  damage  under  present  condi= 
tions  s 


Calaveras  Creek  Sample  Watershed 
lo70  acres  damaged  annually  by  10  percent o 
0o30  acres  damaged  annually  by  15  percent o 
3o0li.  acres  damaged  annually  by  20  percent© 
liolU  acres  damaged  annually  by  25  percent© 


1/  Paulsons  Wo  Eo^  "Efficiency  as  Applied  to  Cotton  Ginning . Business p" 

Bullo  6514.3  Texas  Agricultural  Experiment  Station^  College  Stations 
Texas?  and  Billingera  Roy op  "Financial  Operations  of  a Group  of  Oklahoma 
Farmers  Elevators  1930“523"  Bull*  221 p Oklahoma  Agricultural  Experiment 
Stations  Stillwater p Oklahomao 
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;j^7ol9  “ net  value  per  acre  of  production  after  production  costs  ^ 
taxes  and  overhead  were  deducted o 

10  percent  of  |7ol9  capitalized  at  U percent  interest  x lo70  ° 
^J)0o^6  net  value  of  production  loss  on  area  damaged  10  percento 

15  percent  of  |7ol9  capitalized  at  )4  percent  interest  x 0o30  = 
|8o08  net  value  of  production  loss  on  area  damaged  15  percento 

20  percent  of  $7ol9  capitalized  at  I4.  percent  interest  x 5®0U  “ 
|109o29  net  value  of  production  loss  on  area  damaged  20  percento 

25  percent  of  ^7<>19  capitalized  at  ^4.  percent  interest  x holh  ° 
II860OI4.  net  value  of  production  loss  on  area  damaged  25  percento 

.130 o56  / $8o08  / 1109 o29  / II860OI+  = $33Uo 


Crop  and  pasture  damages  were  adjusted  downward  to  avoid  double 
counting  of  damage  from  loss  of  production  in  the  future  from  overbank 
sediment  depositiono  Assuming  that  sediment  deposition f,  occurring  at  a 
specified  annual  rate^  will  continue  to  accumulate  over  a period  of  100 
years  9 the  annual  damage  is  converted  to  the  equivalent  of  100  percent 
damage  and  divided  by  2 to  equal  the  average  area  damaged  over  the  100“ 
year  period o The  ratio  of  acres  damaged  and  the  average  annual  acres 
inundated  times  the  average  annual  crop  and  pasture  damage  will  equal  the 
amount  to  be  deducted  from  annual  crop  and  pasture  damage o The  follow^ 
ing  calculations  are  illustrative  of  the  procedure  used^ 


Sediment  Damage  to  Land^  Calaveras  Creek  Sample  Watershed 


Acres  Damaged  g 

in  100  Years  g 

Average  Annual  § 

Percent  Damage  s 

Total  Acres  Dam.aged 
100  Percent  Equivalent 

166 

10 

1606 

30 

15- 

li"5 

30k 

20 

60  08 

klh 

25 

103  0 5 

Total 

185  oi+ 

185oli-/2  = 92«7  average  acres  damaged  the  equivalent  of  100  percent 
in  100  years o 


1550  ° average  acres  inundated  annuallyo 

t'4.491  ” average  annual  crop  and  pasture  damage  with  present 
conditions  o 

92  07/1550  X IU/491  ® 1 2680 

|Lt.^U91  “ |268  = |.li.p223  adjusted  average  annual  crop  and  pasture 
damage  o 


N 


I 


/ 
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The  reduction  in  sedimentation  damage  which  would  result  from  the 
installation  of  phases  of  the  recommended  program  was  computed  for  each 
valley  investigated o The  reduction  in  area  inundated  annually  with  the 
phases  of  the  recommended  program  in  effect  was  used  as  the  basis  for 
estimating  the  reduction  in  annual  sediment  damages o 

Reservoir  Sedimentation  Damages  The  cost  of  Medina  reservoir  in 
the  San  Antonio  River  Watershed  was  adjusted  from  the  original  to  1950 
prices  by  the  ENR  Index  of  construction  costs o Damage  due  to  sedimenta= 
tion  was  calculated  on  the  cost  per  acre  foot  of  storage  capacityo  The 
method  used  is  illustrated  as  follows s 

lo  Original  storage  capacity  at  spillway  crest  274»065  acre-feeto 

2o  Estimated  1950  Cost  of  Construction  $9o5588802o 

3o  Cost  per  acre-foot  .f5Uo88o 

I4.0  Total  annual  depletion  of  . storage  capacity-  - 255  acre-feeto 

5o  Annual  damage^  present . conditions  (I4.)  x (3)  ° |8s89U 

Method  of  Determining  Total  Annual  Floodwater  and  Sediment  Damage 

Application  of  Flood  Occurrences  to  Per  Acre  Damage  Rates?  Per 
acre  values  of  crop  and  other  agricultural  damages ^ as  shown  in  table  27 
and  figure  31a  were  used  in  determining  total  annual  agricultural  flood 
damages o The  acres  flooded  by  depth^inc rements  and  by  seasons  were 
estimated  from  valley  cross-sections  in  -.ample,  watersheds  and  in  reaches 
of  the  main  streams o Curves  were  then  constructed  to  correlate  the  total 
acreages  flooded  with  the  runoff^  and  the  total  crop  and  pasture  damage 
with  the  runoff e figures  32s  338  3hs  hy  seasons  for  each  sample  water- 
shed and  main  stream  reacho 

The  value  of  crop  and  pasture  damage  caused  in  the  watersheds  was 
calculated  according  to  the  season  in  which  the  flood  occurred^  as  shown 
in  table  29 o The  total  value  of  this  damage  and  the  total  area  inundated 
were  plotted  opposite  the  inches  of  runoff  causing  the  stage  associated 
with  the  damage s as  illustrated  in  figure  32o  Similar  curves  were  plotted 
showing  the  area  inundated  and  the  damage  caused  by  runoff  after  installa- 
tion of  floodwater  retarding  structures » figure  35°  Runoff -damage  curves 
for  other  sample  watersheds  after  installation  of  retarding  structures 
are  shown  in  figure  ^60 

The  area  flooded  and  the  total  crop  and  pasture  damage  for  each 
flood  in  the  series  ( 1920-19'^l4.)  were  read  directly  from  the  curves  for 
damages  both  under  present  conditions  and  in  the  future  with  various 
phases  of  the  recommended  program  installedo  The  average  annual  damage 
was  calculated  by  dividing  the  total  damage  by  the  25  years  in  the  period 
of  record 0 A summary  of  crop  and  pasture  damage  for  Calaveras  Creek 
Sample  Watershed  is  as  follows? 


LOUIS  P.  MERRILL-REGIONAL  DIRECTOR 
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Figure  33 

AREA  INUNDATED  AND  CROP  a PASTURE  DAMAGE 
FOR  VARIOUS  AMOUNTS  OF  RUNOFF 
WITHOUT  FLOODWATER  RETARDING  STRUCTURES 
SAMPLE  WATERSHEDS 

SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 
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Figure 
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FOR  VARIOUS  AMOUNTS  OF  RUNOFF 
WITHOUT  FLOODWATER  RETARDING  STRUCTURES 
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SAN  ANTONIO  RIVER  WATERSHED 
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ACRES  INUNDATED  a DOLLAR  DAMAGES  IN  THOUSANDS 


Figure  36 

AREA  INUNDATED  AND  CROP  a PASTURE  DAMAGE 
FOR  VARIOUS  AMOUNTS  OF  RUNOFF 
WITH  FLOODWATER  RETARDING  STRUCTURES  INSTALLED 
(EXCLUDES  POOL  AREA  OF  STRUCTURES) 
SAMPLE  WATERSHEDS 

SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 
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Under  Present 
Conditions 


:With  Land  Treat= 
f With  Land  Treats  sment  Measures  and 
sment  and  Stabilize  iFloodwater  Retard^ 
inp:  Measures  gin?  Structures 


t Area  s 
s Flooded  s 

Damage 

s Area  2 
sFiooded  ? 

Damage 

g Area  s 
sFlocded  i 

Damage 

(acres ) 

(dollars ) 

(acres) 

(dollars) 

(acres ) 

(dollars) 

Total 

38.696 

1129275 

25.0U6 

75.025 

129875 

Average 

Per  Year 

1.550 

h.hn 

I9OO2 

3.001 

186 

515 

It  Tv^s  recognized  that  a series  of  floods  in  one  crop  year  would 
have  an  effect  on  the  damage  to  crops  by  preventing  complete  restoration 
of  damageable  values  between  floods ^ and  certain  floods  were  eliminated 
from,  the  flood  series  for  crop  and  pasture  damage^  (appendix  111^  calcula= 
tion  of  flood  occurrences  and  magnitudes) o The  revised  series  is  shown 
in  table  30°  Further  adjustment  of  crop  and  pasture  damage  was  made  to 
take  into  account  the  fact  that  often  only  partial  restoration  of  damage^ 
able  value  is  made  prior  to  a succeeding  floodo 


In  computing  all  other  types  of  damages  that  had  no  particular 
relationship  to  seasons  and  frequency all  floods  were  retained  in  the 
period  of  recordo 


In  calculating  damages  for  flood  plain  scour^j  an  index  of  flooding, 
was  usedo  The  total  acreage  flooded  during  the  23°year  flood  series 
under  present  conditions  was  considered  as  100  percent  and  the  total 
acreages  flooded  under  future  conditions  with  each  of  the  phases  of  the 
recommended  program  installed  were  expressed  as  percentages  of  present 
acreages o The  present  damage  was  then  multiplied  by  these  percentages 
to  derive  the  damage  under  future  treated  conditions o 

For  example  a the  present  average  annual  damage  from  scour  on 
approximately  125  acres  in  the  Calaveras  Greek  Sample  Yfatershed  was 
estimated  at 

The  total  area  flooded  under  present  conditions  from  1920  to  19kh 
(1)2,031  acres)  equals  100  percento  The  area  flooded  after  installation 
of  land  treatment  and  stabilizing  measures  (269214.0  acres)  is  62 o5  percento 
The  I1.9692  acres  flooded  after  installation  of  land  treatment  and  stabilize 
ing  measures  and  floodwater  retarding  structures  (flood  prevent  ion  measures ) 
is  11 o2  percento  Therefore 9 estimated  annual  damage  from  flood  plain  scour' 
is  flpUTS  after  installation  of  land  treatment  and  stabilizing  measures 
and  $265  after  installation  of  land  treatment  and  stabilizing  mea-sirres 
and  flood  prevention  measures o Indices  of  flooding  on  sample  watersheds 
are  tabulated  in  table  28 o 
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Table  30  Damage-Producing  Storms 
Calaveras  Creek,  Bexar  and  Wilson  Counties 


San  Antonio  Riv»r  Ketorahed,  Texas 


1 i Present  Condition  of  i TO.th  Land  Treatment  : lri.th  Recommended  Program  iTfith  Floodwater  Retarding 


Date 

» Free i pi- : 
I tation  ! 

1 

1 

Land  Uae 

1 

1 

Measures 

t 

1 

1 Structures 

Only 

[Runoff 

[ 

I Area  i 
[Flooded i 

Damage  i 

1/  I 

1 Runoff 

t 

I Area  1 
iFlcodedi 

Damage 

V 

1 Runoff 

1 

1 Area  1 
■ Flooded  1 

t Damage  i 

L.l/  ' 

1 Runoff 

1 Area 
[Flooded 

f donate 

« 1/ 

( inches ) 

Cinches ) 

Caoreel  Cdollarsl 

(Inches, 

) (acres  ^ 

(dollars ) 

(inches  1 

(acres ) 

(dollars)  (Inches 

) (acres j 

(dollars ) 

May  Ii5-16,  1920 

2.6I4 

0*Ii6 

51*0 

1.840 

0.34 

157 

530 

0.54 

5 

15 

0.46 

19 

61 

March  1-2,  1921 

2.71; 

0.148 

620 

2,070 

0.37 

232 

620 

0.57 

7 

21 

0.46 

2J4 

74 

April  5-7,  1921 

2.59 

o.hU 

U70 

1,625 

0.53 

150 

445 

0.33 

4 

12 

0.44 

16 

50 

September  0-9>  1921 

5.97 

1.68 

2,260 

7,450 

1.47 

2,080 

6,600 

1.47 

715 

1,750 

1.68 

855 

2,220 

April  3-U,  1922 

2.30 

0.56 

205 

720 

0.26 

6 

24 

0.26 

1 

3 

0.36 

6 

18 

April  26-27.  1922 

2.05 

0.26 

28 

67 

C.20 

- 

0.20 

- 

• 

0.28 

2 

6 

February  21-23,  1923 

3. 80 

0.83 

1.350 

880 

0.68 

1,087 

600 

0.68 

120 

37 

0.85 

222 

76 

March  26-27,  1923 

3.17 

0.62 

966 

3,500 

0.49 

652 

2,180 

0.49 

27 

92 

0.62 

83 

232 

August  27-28,  1923 

3.07 

0.56 

885 

1,840 

0.45 

510 

950 

0.45 

17 

31 

0.58 

62 

98 

October  l4,  1923 

2.30 

0.29 

hh 

72 

0.21 

- 

- 

O.il 

- 

- 

0.29 

2 

4 

Kovember  I3-IU,  1923 

2.37 

0.37 

232 

95 

0.27 

13 

5 

0.27 

2 

1 

0.37 

7 

4 

June  21-22,  I92U 

3.36 

0.68 

1,087 

4.050 

0.53 

762 

2,6C0 

0.53 

40 

115 

0.68 

120 

330 

May  8-10,  1925 

2.142 

0.38 

261 

930 

0.28 

28 

87 

0.28 

2 

6 

0.36 

8 

24 

April  20-21,  1926 

3.05 

0.58 

385 

3,100 

0.45 

510 

1.750 

0.45 

17 

56 

0.58 

62 

173 

April  11-33,  i927 

2.05 

0.28 

28 

87 

0.20 

- 

- 

0.20 

- 

- 

0.28 

2 

6 

June  13- lU,  1927 

3.21 

0.63 

982 

3.580 

0.49 

652 

2,180 

0.49 

27 

92 

0.63 

89 

247 

May  It-lh,  1928 

2.89 

0.38 

26I4 

930 

0.28 

28 

87 

0.28 

2 

6 

0.38 

8 

24 

June  2-3,  1928 

3.13 

0.61 

950 

3.410 

0.48 

620 

2,070 

0.48 

24 

74 

0.61 

78 

218 

September  21-22,  1926 

2.I45 

0.39 

295 

510 

0.29 

Iw 

72 

0.29 

2 

4 

0.39 

9 

15 

November  5-6,  1928 

2.I49 

0.I4I 

362 

145 

0.50 

64 

26 

0.30 

3 

2 

0.41 

11 

6 

May  2lr2B.  1929 

2.16 

0.32 

103 

370 

0.23 

- 

. 

0.23 

- 

- 

0.32 

3 

11 

June  28-29,  1929 

2.6I4 

C.I46 

52;0 

1,840 

0.34 

157 

530 

0.34 

c; 

15 

0.1+6 

19 

61 

June  12,  3930 

2.3? 

0.36 

205 

720 

0.26 

6 

24 

0.26 

i 

3 

0.56 

6 

18 

January  II4.-I6,  1931 

2.30 

0.86 

205 

84 

0.26 

6 

2 

0.26 

1 

- 

0.36 

6 

4 

June  26-29,  1931 

3-39 

0.69 

1,105 

4,115 

0.54 

787 

2,700 

0.54 

44 

124 

0.69 

126 

547 

July  17-18,  1931 

2.3U 

0.37 

232 

390 

0.27 

13 

22 

0.27 

2 

3 

0.37 

7 

12 

January  3~h,  19'^2 

2.05 

0.28 

28 

9 

0.20 

- 

- 

C.20 

- 

- 

0.28 

2 

1 

September  22-2U,  1932 

lt.59 

1.12 

1,7U0 

5.000 

0.94 

1,510 

4.160 

0.94 

306 

550 

1.12 

460 

900 

May  25-26,  1933 

■5.71 

O.I48 

620 

2,070 

0.37 

232 

820 

0.57 

7 

21 

0.48 

24 

74 

July  30-31,  1933 

2.58 

O.U3 

i;35 

790 

0.32 

103 

155 

0.32 

5 

6 

0.43 

14 

25 

/pril  ii-6,  1^5U 

O.I42 

I4OO 

1,360 

0.31 

80 

500 

0.51 

3 

9 

0.42 

12 

39 

July  25-26,  193U 

2.85 

0.52 

707 

1.420 

0.40 

325 

530 

0.40 

10 

17 

0.52 

37 

62 

December  26-27*  195U 

2.57 

0.243 

1*35 

m 

0.3? 

103 

42 

0.32 

3 

2 

0.43 

14 

7 

Hay  9,  1935 

3.75 

0.82 

1,330 

5,070 

0.67 

1.067 

3.935 

0.67 

115 

314 

0.02 

214 

625 

June  9-16,  I935 

2.32 

2,615 

12,650 

2.07 

2.4C0 

11,400 

2.07 

1,070 

4,100 

2.32 

1,180 

4.700 

September  23-2S,  19^5 

2.55 

O.I43 

1*35 

790 

0.32 

105 

155 

0.32 

3 

6 

0.43 

14 

25 

Meroh  2,  I936 

2.I46 

o.Uo 

325 

1,140 

0.30 

61+ 

240 

0.30 

3 

8 

0.40 

10 

31 

June  2"-}0,  1936 

I4.I49 

1.08 

1,690 

6,700 

0.91 

1.470 

5.670 

0.91 

285 

855 

1.08 

450 

1,340 

August  ^0-31,  3956 

2.26 

O.3I4 

157 

240 

0.25 

- 

- 

0.25 

- 

- 

0.34 

5 

8 

May  31.  1937 

3.97 

0.83 

1,1*30 

5.500 

0.72 

1,160 

4,320 

0.72 

144 

365 

0.88 

263 

790 

December  lit-- 15,  1937 

3.71 

0.79 

1,280 

808 

0*61+ 

1,005 

'26 

0.64 

95 

29 

0.79 

193 

61+ 

May  15- lA,  1938 

2.15 

0.32 

103 

370 

0.23 

- 

- 

0.23 

- 

- 

0.32 

5 

11 

May  30,  1939 

2.71 

O.I47 

580 

1,960 

0,36 

205 

720 

0.36 

6 

18 

0.47 

22 

67 

July  n-12,  1939 

2.11 

0.30 

61+ 

95 

0.22 

- 

0.2? 

- 

- 

0.30 

3 

4 

June  29-30,  19U0 

3.148 

U.72 

1,160 

4.520 

0.58 

885 

3,100 

0.58 

62 

175 

0.72 

144 

365 

January  27-28,  19lil 

2.38 

0.38 

261+ 

105 

0.28 

28 

9 

0.28 

2 

1 

0.38 

6 

4 

'.'arch  17-13.  19ul 

2.09 

0.29 

141* 

180 

0.2’ 

- 

- 

0.21 

- 

- 

0.29 

2 

7 

Apri:  26-27,  I9UI 

3.47 

0.72 

1,160 

4.320 

0.58 

885 

3,100 

0.58 

62 

173 

0.72 

144 

365 

September  16-3  i9Ul 

3.20 

982 

2,190 

0.49 

652 

1,200 

0.49 

27 

47 

0.65 

89 

136 

April  6-7,  I9U2 

2.58 

O.I3 

1*35 

1.500 

0.32 

105 

370 

0,32 

5 

11 

0.43 

14 

14+ 

July  U-6,  39142 

8.I48 

2.86 

2,840 

11,600 

2.58 

2.730 

10,650 

2.58 

1,285 

3,770 

2.86 

1,410 

4,220 

October  U-6,  I9I42 

3.59 

0.76 

1 235 

3,050 

0.61 

950 

2,055 

0.61 

78 

120 

0.76 

175 

275 

July  11-13.  I9I43 

2.69 

0.U7 

583 

1,050 

0.36 

205 

340 

0.36 

6 

11 

0.47 

22 

38 

May  27-23,  19l4i; 

2.62 

0.15 

510 

1,750 

0.34 

157 

530 

0.34 

5 

15 

0.45 

17 

56 

Crop  and  Pasture  Deuage  only. 

- Insuf fio'.ent  runoff  to  proiuoe  flooding* 
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other  agricultural  damages  were  calculated  by  applying  the  per  acre 
damage  factors ^ figure  31s  the  acreage  inundated  by  each  flood  in  the 
flood  series  0 The  total  damage  sustained  was  divided  by  the  number  of 
years  in  the  series  (25)  to  detemine  the  average  annual  damage o This 
is  illustrated  in  table  51° 

Road  and  bridge  damage  was  calculated  by  use  of  percentage  of  flood 
plain  inundated=damage  curves g figure  31®  The  damage  rate  for  each 
damage=producing  flood  was  read  from  the  curve  and  applied  to  the  acreage 

inundated  to  arrive  at  the  damage  from  that  floodp  table  32o  The  curves 

for  the  various  sample  watersheds  differed  in  the  point  where  damage 

began g in  the  slope  of  the  curves  and  in  maximum  damage  rate^  but  they 

were  similar  in  general  shape  and  character istics o 
• 

Damage  to  urban  communities  and  industrial  installations  was  cal= 
culated  directly  in  the  areas  concernedo 

Average  annual  damages  for  each  sample  watershed  were  summarized 
by  types  of  damage  (other  than  urban g industrial  and  reservoir  sedimenta= 
tion)  for  present  conditions  and  with  only  the  land  treatment  measures 
installed 4,  table  33°  These  data  were  chen  expanded  to  the  entire  creek 
watershed  in  the  ratio  of  drainage  area  in  the  sample  watershed  to  the 
area  in  the  entire  creek  watershed  represented  by  that  sample o Reductions 
in  damages  after  installation  of  floodwater  retarding  structures  were 
not  always  expanded  on  the  same  areal  b&:eg  as  they  were  dependent  on 
the  amounts  of  these  flood  prevention  measures  installedo  Table  3U 
illustrates  this  procedure  for  the  creek  watershedo 

A summary  of  all  floodwater  and  sediment  damages  by  creek  watersheds 
for  the  San  Antonio  River  Watershed  is  shown  in  table  35° 

Main  Stem  Flood  Damages 

The  acres  in  each  flood  depth  increment g as  explained  in  appendix 
Illg  were  multiplied  by  a seasonal  crop  and  pasture  damage  value o The  sum 
of  the  damages  of  all  depth  increments  for  each  routed  flood  was  plotted 
against  the  corresponding  peak  discharge o_  Four  curves  for  each  of  the 
four  major  reaches  were  developed  from  the  above  calculations g which  show 
the  area  inundated  versus  peak  discharge g and  three  seasonal  damage  curves 
were  constructed  similar  to  figure  29 » appendix  IIIo  Table  29  illustrates 
the  method  by  which  the  damage  values  for  various  size  floods  were  deter^ 
mined  o 

The  area  inundated  and  the  corresponding  crop  and  pasture  damage 
for  each  flood  in  the  series  was  determined  for  present  conditions  from 
the  routing  of  these  floods  and  with  the  use  of  the  damage  curves  develop^ 
ed  for  each  of  the  [{.major  reaches  o Pertinent  data  regarding  the  flood 
series  is  shown  in  table  3^°  The  area  inundated  and  crop  and  pasture 
damages  after  the  application  of  a complete  land  treatment  program  on  the 
watershed  was  evaluated  by  applying  the  expected  reductions  to  the  peak 
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Table  J>1  o Other  Agriou Itural  Damages  by  Recorded  FloodSs  1920“19l4l|-  Flood  Series 

Calaveras  Creek  Sample  Watershed 
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Table  33°  Summary  of  Floodwater  and  Sediment  Damages  Under  Present 
Conditions  and  After  Installation  of  Phases  of  the 
Recommended  Program  l/ 

Calaveras  Creek  Sample  WaTershed 

San  Antonio  River  Watersheds,  Texas 


Average  Annual  Damage 


Type  of  Damage 

g Under 
2 Present 
sConditions 

sWith  Land  s 
gTreatm.ent  2 
g and  2 

gStabilizingg 
g Measures  2 
2 Installed  2 

g 2/ 

With  Land 
Treatment 
Measures 
and 

Floodwater 

Retarding 

Structures 

0 

9 

2 With  Flood” 
gwater  Retard- 
2 ing  StruC” 

2 tures  Only 

= ?/. 

( dollars ) 

(dollars ) 

( dollars ) 

(dolTars) 

Floodwater  Damage 

Crops  and  Pasture 

!i,223 

2^822 

1+81+ 

682 

Flood  Plain  Scour 

2,365 

1.1+78 

265 

390 

Other  Agricultural 

7.U50 

5.070 

1+89 

68lj. 

Nonagri cultural 

3.1+75 

2.351 

121 

182 

Subtotal 

17.513 

11,721 

1.359 

1.938 

Sediment  Damage 

Valley  Sediment 
Deposition 

33!+ 

209 

37 

55 

Subtotal 

33I+ 

209 

37 

55 

Indirect  Damage 

2,052 

1.372 

161 

229 

Total  Average  Annual 
Damage 

19.899 

13.302 

1.557 

2,222 

1/  1950  prices o 

With  the  going  program  and  the  land  treatment  and  stabilising  measures 
of  the  program  installed o 

3/  With  present  conditions  and  floodwater  retarding  structures  installedo 
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Table  5U»  S\nmn8UTr  of  Floodwater  and  Sediment  Damage  Under  Present  Conditions 
and  After  Installation  of  Phases  of  the  Recommended  Progi*ajn, 

Lower  Medina  River  Watershed  1^ 

San  Antonio  River  Watershed,  Texas 


Portion  of  Creek 
Vfe  ter  shed  and 
lype  of  Damage 

t Area 
t Expans ion 
t Factor, 
i Land 
t Treatment 
jand  Stabi- 
tlizing  Mea 
isures  2/ 

i t 

} Area  t 

{Expansion  t 

1 Factor,  t 

{Floodwater { 
{Retarding  { 
- {Structures { 

{ 5/  » 

Under 

Present 

Conditions 

{ 

{ 

{ Mth  Land 
{ Treatment 
{ and 

{ Stabilizing 
{ Measui*es 
{Installed  I4/ 

mth  Land 
Treatment 
Measures 
and 

Floodwater 

Retarding 

Structures 

{ With 

{ Floodwater 
: Retarding 

{ Structures 
{ Onlv 

: 5/ 

(dollars ) 

(dollars ) 

(dollars) 

(dollars) 

Area  similar  to  1 

« 

Calaveras  Creek 

I.I4688 

0.9688 

Crops  and  Pasture 

6,203 

I4.H45 

1,880 

2,773 

Flood  Plain  Scour 

3,U7h 

2,171 

996 

1,560 

Other  Agricultural 

10,9142 

7.I4I47 

3,009 

I4.588 

Nonagricultural 

5,1014 

3,1453 

1.293 

1,9114 

Valley  Sediment 

I491 

307 

i^o 

220 

Indirect 

3,0114 

2,015 

8lj2 

1,2148 

Total 

29,228 

19.538 

8,160 

12,103 

Salado  Creek 

I.86UO 

0 

Crops  and  Pastvire 

6,050 

14,882 

14,882 

6,050 

Flood  Plain  Scour 

2,00U 

I.59I4 

I.59I4 

2,00l4 

Other  Agricultural 

10,256 

8,Ol45 

8,oU5 

10,256 

Nonagricultural 

12,688 

9.827 

9,827 

12,688 

Valley  Sediment 

306 

2I42 

P)|P 

306 

Indirect 

3,756 

2,951 

2,951 

3.756 

Total 

35.060 

27,5141 

27,5141 

35,060 

Cibolo  Creek 

0.14291 

0 

Crops  and  Pasture 

1,0814 

997 

997 

1,0814 

Flood  Plain  Scour 

139 

128 

128 

139 

Streambank  Erosion 

5I4 

5I4 

5l4 

5l4 

Other  Agricultural 

987 

912 

912 

987 

Nonagricultural 

I430 

381 

381 

I430 

Valley  Sediment 

- 

- 

- 

- 

Indirect 

270 

2147 

2I47 

270 

Total 

2,96U 

2,719 

2,719 

2,9614 

Lower  Medina  River 

Watershed 

Total 

Crops  and  Pasture 

13.337 

10,0214 

7,759 

9.907 

Flood  Plain  Scour 

5.617 

3,893 

2,718 

3,703 

Streambank  Erosion 

3h 

5I4 

5h 

5I4 

Other  Agricultural 

22,185 

16 ,14014 

11,966 

15,631 

Nonagricultural 

18,222 

13,661 

11,501 

15.032 

Valley  Sediment 

m 

5I49 

382 

526 

Indirect 

7.OI4O 

5,213 

I4.0I4O 

5,2714 

Grand  Total 

67.252 

I49.798 

38,1420 

50,127 

1950  prices. 

Expansion  factor  for  land  treatment  and  stabilizing  measures  only. 

Expansion  factor  for  floodwater  retarding  structures,  no  structures  are  recommended  for 
Salado  and  Cibolo  Creek  Sample  Watersheds  at  this  time. 

Mth  the  going  program  and  the  land  treatment  and  stabilizing  measures  of  the  recommended 
program  installed. 

With  present  conditions  and  floodwater  retarding  structures  installed. 
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Table  35°  Average  Annual  Flood  Damages  by  Creek  Watersheds  l/j, 

1950  Prices 


San  Antonio 

River  Water  shed  ^ 

Texas 

Creek  Watershed  g 

Under 

Present 

Conditions 

0 D 

0 0 

0 0 

g Ydth  Land  g 
g Treatment  and? 
g Stabilizing  g 
g Measures  g 

ginstalled  2/  g 

0 

With  Land  g 
Treatment  g 
Measures  andg 
Floodwater  g 
Retarding  g 
Structures  g 

With  Flood“ 
water  Retard^ 
ing  Struc"= 
tures  Only 

y 

( dollars ) 

(dollars'J 

(dollars ) 

(doTlars) 

Upper  San  Antonio 

151.919 

99.686 

56.114 

73,504 

Lower  San  Antonio 

67.38X 

57.006 

35.555 

42.564 

Upper  Medina 

25.068 

21.730 

21,730  y 

25.068  4/ 

Lower  Medina 

67.252 

49.798 

38.420 

50.127 

Upper  Cibolo 

6.907 

6.356 

6.336  V 

6.907  k/ 

Lower  Cibolo 

252.557 

184.844 

94.097 

125.315 

Ecleto 

39.214 

33.464 

16 .860 

19,848 

GRAND  TOTAL 

590.278 

452.864 

269.112 

342.935 

1/  Does  not  include  main  stem  damages  on  the  Lower  Cibolo  Creek  or  San 
” Antonio  Rivero 

2/  Includes  the  going  program  and  the  land  treatment  and  stabilizing 
measures  of  the  recommended  programo 

3/  With  present  conditions  and  floodwater  retarding  structures  installedo 
I4./  Floodwater  retarding  structures  not  recommended  at  this  timeo 


’able  36.  Damage  Producing  Storms  on  the  San  Antonio 
September  192l|.  ” September,  19U9»  25  Pears 
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discharges  along  the  main  stem  reaches o Having  established  the  relation^ 
ship  between  peak  discharge  and  damages ^ the  resultant  damages  were  deter° 
mined  by  routing  each  storm  and  using  the  same  discharge^damage  curves  as 
under  present  conditions o 

A summary  of  all  floodwater  and  sediment  damages  for  the  main  stem 
reaches  of  the  watershed  is  shown  in  table  37°  This  table  also  includes 
a watershed  total  of  average  annual  flood  damages  on  valley  lando 


DESCRIPTION  OF  PHYSICAL  SEDIMENTATION  DAMAGES 
Valley  Sedimentation  and  Scour 


Sedim.ent  and  scour  danages  on  the  flood  plain  of  the  San  Antonio 
River  and  most  of  its  tributary  valleys  are  relatively  minor o The  follow^ 
ing  is  a brief  discussion  of  the  nature  and  amount  of  sediment ^ scour  and 
related  damages  within  each  of  the  sample  watersheds  investigated o Data 
obtained  within  these  samples ^ shown  in  table  389  were  expanded  to  creek 
watersheds o Estimated  net  sediment  contribution  rates  are  shown  for 
various  sizes  of  watersheds  in  figure  37 

Upper  Cibolo  Creeks  Sediment  damages  and  sediment  output  rates  in 
this  watershed  are  considered  as  representative  of  the  Edwards  Plateau 
regiono  The  chief  type  of  damaging  sediments  is  gravely  which  forms,  bars 
in  the  channels  and  is  occasionally  deposited  overbanko  The  upstream 
portions  of  the  channels  are  filled  with  these  gravels o Damages  by 
accelerated  overbank  deposition  are  negligible o Scour  channels  have 
caused  a 25  percent  damage  to  53  acres  and  a 10  percent  damage  to  392 
acres o It  is  estimated  that  O06  of  one  acre  is  destroyed  annually  by 
bank  erosiono  Rates  of  sediment  output  in  this  sample  watershed  and  in 
the  area  to  which  it  applies  are  the  lowest  in  the  San  Antonio  River 
Watershed o 

Salado  Creeks  This  watershed  comprises  parts  of  three  physiographic 
areas?  the  Edwards  Plateau ^ Black  Prairie  and  South  Texas  Coastal  Plaino 
It  is  considered  representative  of  several  creeks  which  drain  a wide 
belt  consisting  of  parts  of  these  areas o The  coarser  sediments  9 
dominantly  gravels j which  are  produced  in  the  Edwra.rds  Plateau  sectioog 
are  carried  by  the  stream  and  dropped  as  it  enters  the  Black  Prairie 
sectiono  Numerous  overbank  gravel  deposits  are  found  in  the  latter 
areao  Sediments  carried  by  the  stream  and  deposited  below  this  point 
are  fine  textured  and  damages  to  the  flood  plain  are  negligible o A 
total  of  2I4.3  acres  has  suffered  damage  by  overbank  deposits o These 
deposits  consist  largely  of  gravels  which  have  caused  a damage  of  25  per== 
cent  to  153  acres  and  50  percent  to  95  acres o 

Damages  by  scour  are  significant o Approximately  25  percent  of  the 
flood  plain  of  Salado  Creek  and  its  tributaries  have  been  damaged  by 
this  process o The  damage  ranges  from  10  to  90  percent o Damage  due  to 
bank  erosion  is  negligible o 
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Table  37®  Average  Annual  Flood  Damages,  Main  Stem  and 
Tributary  Reaches,  1930  Prices 

San  Antonio  River  Watershed,  Texas 


t 

Average  Annual  Floodwater 

and  Sedimentation  Damage 

Main  Stem  and  ; 
Tributary  Reaches; 

o 

Under 

Present 

Conditions 

A 0 

« O 

; With  Land  ; 
;Treatm.ent  and; 
; Stabilizing  ; 

Measures  ; 

; Installed  ; 

With  Land 
Treatment 
Measures  and 
Floodwater 
Retarding 
Structures 

“.With  Flood” 
;water  Retard” 
sing  Struc- 
ttures  Only 

(dollars) 

( dollars ) 

( dollars ) 

(dollars) 

Lower  Cibolo 

19.270 

11.921+ 

5.678 

7,271 

San  Antonio 

Reach  1 

59.735 

'+9.391 

1+8.552 

58.81+7 

Reach  2 

131,903 

150,14.66 

127.765 

156,871 

Reach  3 

2’4.U3U 

23.036 

19 .91+1+ 

21.781+ 

Reach  Ij. 

93.758 

ai+.ii+5 

76.870 

8U.333 

Main  Stem  Total 

379.120 

318,962 

278,809 

329,106 

Creek  Watershed 

Total 

590,273 

1+52. 86)4 

269,112 

31+2,933 

Grand  Total 

969.398 

771,826 

51*7.921 

672.039 

Table  38 » ' Annual  Weighted  Damage  to  Flood  Plains  by  Sedimentation^  Scour  and  Stream  Bank  Fj*osion 
in  Sample  Watersheds p Creek  Watersheds ^ and  Sections  of  the  Main  Stem 
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Calaveras  Creeks  Sediment  and  related  damges  which  occur  in  this 
watershed  are  typical  of  the  older  formations  of  the  South  Texas  Coastal 
Plaino  Sheet  and  gully  erosion  have  been  active  over  much  of  the  water^ 
shed  and  have  produced  moderately  large  amounts  of  sediment o Sediment 
production  rates  are  not  so  high  at  present ^ due  to  the  retirement  of 
many  areas  from  cultivationo  Channel  filling  by  sediments  has  often 
resulted  in  increased  frequency  and  depth  of  flooding o Although  most  of 
the  flood  plain  on  Calaveras  Creek  and  its  tributaries  receives  sub~ 
stantial  amounts  of  sediment  deposition 5 only  10  percent  of  the  total 
flood  plain  area  is  considered  damaged  by  this  process 0 This  is  due  to 
the  fine  texture  of  most  of  the  sediment  and  the  fact  that  only  a few 
inches  are  deposited  during  each  floodo  Parita  Creek  has  the  highest 
proportion  of  damage  and  one^third  of  its  flood  plain  has  suffered  a pro= 
ductivity  loss  of  25  percent  due  to  harmful  sediment o Rates  of  damage 
on  Calaveras  a Chopaderas  and  other  tributaries  range  from  10  to  25  percent o 

Flood  plain  scour  is  a major  item  of  damage o Over  25  percent  of  the 
total  flood  plain  area  has  been  scoured  by  floodwaterg  with  resulting 
rates  of  damage  ranging  from  10  to  75  percent 0 Heaviest  rates  of  damage 
are  caused  by  deep  scour  channels s but  larger  areas  are  affected  by  sheet 
scour^  a process  in  -v\diich  a freshly  plowed  field  may  lose  all  soil  dov/n 
to  plow  depth  during  a flood o 

Santa  Clara  Creeks  This  T/<ra.tershed  was  selected  as  being  represented 
tive  of  all  watersheds  occurring  entirely  within  the  Black  Prairie 
physiographic  areao  Rates  of  sediment  output  range  from  2 to  6 acre  feet 
per  square  mile  of  drainage  area®  Moderate  to  severe  sheet  erosion  on 
the  cultivated  areas  is  the  major  source  of  sediment  and  it  is  estimated 
that  80  percent  of  the  sediment  transported  is  derived  from  sheet  erosiono 
The  remaining  20  percent  is  derived  from  gully ^ roadside  and  stream  bank 
erosiono  Although  much  sediment  is  deposited  in  the  stream  valleys ^ 
reduction  of  productivity  is  minors  as  the  sediments  differ  little  in 
texture  and  fertility  from  the  original  flood  plain  soilo  Only  175  acres g 
about  3 percent  of  the  total  flood  plain  area  in  Santa  Clara  Creek  and 
its  tributaries p were  considered  to  be  damagedo  Productive  capacity  has 
been  reduced  about  10  percent  on  these  acres g which  occur  immediately 
adjacent  to  the  channel  and  have  received  the  coarser  sediments o 

One  of  the  greatest  damages  resulting  from  deposition  is  the  smother “ 
ing  of  pasture  and  growing  crops  0 This  has  been  included  in  crop  and 
pasture  floodwater  damage  due  to  the  difficulty  of  separate  evaluationo 

Channel  filling  is  occurring  in  the  central  portion  of  Santa  Clara 
Creek  and  causes  increased  floodingo  The  entire  acreage  estimated  to  be 
damaged  by  sediment  deposition  occurs  within  the  central  reaches  of  the 
creeko 

Flood  plain  scour  has  caused  substantial  damage  to  the  flood  plain 
of  Santa  Clara  Creek  and  its  tributaries o Approximately  25  percent  of 
the  total  flood  plain  area  has  been  damaged  by  scour  channels  and  sheet 
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scour o 'The  rate  of  damage  ranges  from,  10  to  50  percent o The  weighted 
average  annual  damage  is  20  percent  on  157  acres o 

Kscondido  Creeks  This  watershed  is  representative  of  upper  South 
Texas  Coastal  Plain  formations  occurring  in  the  lower  portion  of  the 
San  Antonio  River  basino  Cultivation  is  the  dominant  land  use  and 
sheet  erosion  from  cultivated  lands  is  the  major  sediment  source o 

Sediment  output  is  high  but  damages  resulting  from  overbank  deposit 
tion  are  low  since  the  soils  of  the  -y/atershed  are  dominantly  fine  texturedo 
Only  about  11  percent  of  the  total  flood  plain  is  estimated  to  be  damaged 
by  sediment  deposits o Reduction  in  fertility  on  this  acreage  ranges 
from  10  to  50  percents  the  average  weighted  damage  being  approximately  25 
percento  Sediment  production  rates  will  be  reduced  an  estimated  59  per= 
cent  under  a complete  land  treatment  programo 

Frequent  flooding  has  caused  substantial  damage  by  scour  to  I4.O  per= 
cent  of  the  flood  plaino  The  decrease  in  fertility  on  the  scoured  areas 
ranges  from  10  to  90  percento  The  average  weighted  damage  to  ls570 
acres  is  26  percento 

Manahuilla  Creeks  This  creek  is  typical  of  several  watersheds  with™ 
in  the  more  sandy  Tertiary  formations  in  the  lower  reaches  of  the  San 
Antonio  Rivero 

Accelerated  deposition  of  sandy  sediment  has  occurred  on  the  flood 
plains  of  most  of  the  streams  in  the  areao  Approximately  la550  acres ^ 
or  52  percent j of  the  total  flood  plain  of  Manahuilla  Creek  has  suffered 
damage  from  such  deposits o The  damage  ranges  from  10  to  75  percent ^ the 
weighted  average  damage  being  27  percento 

Scour  has  caused  damage  of  from  10  to  50  percent  on  1^100  acres  of 
the  flood  plaino  Scour  channels  occurring  in  areas  previously  damaged 
by  sediment  deposition  were  not  included  in  the  damage  appraisalo 

Many  of  the  small  channels  have  suffered  substantial  capacity  loss 
due  to  channel  fillings  while  coarse  sand  and  gravel  have  caused  a capa=> 
city  loss  to  the  channel  of  Manahuilla  Creek  ranging  from  an  estimated 
20  percent  in  the  upper  reaches  to  50  percent  in  the  lower  reaches o More 
than  3 acres  are  destroyed  annually  by  bank  erosion  on  Manahuilla  Creek 
and  its  tributaries o 

Rates  of  sediment  contribution  range  from  lo5  to  2o5  acre^feet  per 
square  mile  of  drainage  area  under  present  conditions o Under  complete 
land  treatment  these  rates  are  expected  to  be  reduced  by  slightly  more 
than  50  percento 

Cibolo  Creeks  Damages  by  sediment  deposition  and  flood  plain  scour 
on  this  creek  are  of  moderate  significance o Overbank  flooding  seldom 
occurs  and  is  usually  confined  to  the  low-lying  bottom  adjacent  to  the 
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channelo  The  high  alluvial  terraces  are  flooded  very  infrequently o A 
total  of  950  acres  have  been  damaged  by  deposition  of  relatively  coarse 
sediment o Approximately  10  acres  are  damaged  10  percent  annually  and  6 
acres  suffer  20  percent  damage  each  yearo 

Scour  has  caused  damage  to  approximately  one=half  of  the  flood 
plain  areag  but  most  of  the  damage  does  not  exceed  10  percent o Stream 
bank  erosion  is  insignificant g less  than  2 acres  being  lost  annually 
by  this  process o 

Main  Stem  of  the  San  Antonio  Rivers  Damaging  sediment  has  been 
deposited  on  ll  percent  of  the  total  flood  plain  area  along  the  San 
Antonio  Rivero  A total  of  acres  has  suffered  10  percent  damage 

and  I1.sl4.5i  acres  have  been  damaged  an  estimated  20  percent  o Most  of  the 
sediment  is  fine  textured  and  the  flood  plain  receiving  such  deposits 
is  not  considered  to  be  damaged o 

Scour  has  caused  damage  to  18^530  acres  or  approximately  20  percent 
of  the  total  flood  plaino  Sheet  scour  and  shallow  scour  channels  cause 
damage  ranging  from  10  to  25  percent 5 while  deep  scour  channels  result 
in  damages  of  25  to  50  percent o The  river  banks  are  well  stabilized  and 
the  loss  of  land  by  bank  erosion  is  very  minor o 

Table  gives  a summary  of  damages  to  sample  watershed  flood  plains 
by  sedimentp  scour  and  bank  erosiono 

Reservoir  Sedimentation 


Medina  Lake  is  the  only  major  reservoir  in  the  San  Antonio  River 
Watershedo  Other  existing  reservoirs  are  used  primarily  for  recreationp 
although  a few  small  lakes  are  used  or  were  formerly  used  for  irriga=“ 
tion'o 


Sedimentation  conditions  were  Investigated  in  the  Mitchell ^ Blue 
Wings  Cassims  Elmendorf  and  Woodlawn  Lakes  a all  located  in  Bexar  County o 
Rates  of  sediment  contribution  to  these  reservoirs  have  been  quite  low 
and  their  average  annual  rates  of  capacity  loss  are  estimated  to  be  less 
than  one»=half  of  one  percent o No  attempt  was  made  to  evaluate  monetary 
damage  to  these  reservoirs  due  to  the  scarcity  of  original  cost  datao 

The  rate  of  capacity  loss  in  Medina  Lake  is  very  lowg  since  it  is 
located  in  the  low  sediment  producing  Edwards  Plateau o The  following 
tabulation  is  a summary  of  the  detailed  survey  (19^8)  for  Medina  Lakeo 

Sedimentation  Data  on  Medina  Lake 


Ages  2/ 


Quantity  Unit 
35°2  Years 


Watershed  Areas 

Including  lake  area 
Excluding  lake  area 


633  Sqo  Mio 

62h  Sqo  Mio 


« 


Quantity  Unit 


Reservoirs  • 

Area  at  spillway  stage  = 

Storage  capacity  at  spillway  levels  1915 
Capacity  per  square  mile  of  drainage  area 


19^8 


Sedimentations 

Total  sediments 

1915=1937  = 

1937=191^8  2/  - 

1913=1948  = = 


Average  Annual  Accumulations 

From  the  entire  drainage  areas 

1915=1937  = = 

1937=19)48  = = = 

1913°19U8 

Per  square  mile  of  drainage  areas  1+/ 

1913=1937  = = - = = = = 

1937=191+8  = = = = . = » = . 

1913=19148  = = ==  = = »=  -=  = = = 


3 Ml 
2lk,o63 
12/ 

h39-2 

Acres 
Ac  0 Ft 

Ac  0 Ft 

1*28  o9 

Ac  0 Ft 

.142)4=8 

Ac  0 Ft 

6.U35 

Ac  0 

Ft 

2.555 

Ac  0 

Ft 

8.990 

Ac  0 

Ft 

269 

Ac  0 

Ft 

226 

Ac  0 

Ft 

255 

Ac  0 

Ft 

O0U3 

Ac  0 

Ft 

0o36 

Ac  0 

Ft 

OoUi 

Ac  0 

Ft 

o 


o 


Depletion  of  Storages 

Loss  of  original  capacity s 
Per  years 

1915=1937  ===--_== 

1937=191+8  = = = = 

1915=191+8  = = - 


OolO  Percent 

0008  Percent 

0009  Percent 


Totals 

1913=1937 

1937=191+8 

1913=19148 


2o35  Percent 
Oo93  Percent 
3o28  Percent 


1/  Storage  began  March  1913°  Average  date  of  first  survey  was  Januaryg 
”*  1937°  Average  date  of  second  survey  was  May^,  I9I480 

2/  Including  area  of  lakeo 

3/  Summ.ary  data  for  I9I48  based  on  re=survey  of  7 segments o These  data 
were  applied  proportionately  to  the  other  segments  of  the  lakeo 
U/  Fxcluding  area  of  lakeo 
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Sedimentation  in  Medina  Irrigation  S^^stem 

Since  Medina  Lake  has  a very  high  trap  efficiency-g  the  v/ater  diverted 
from  it  through  the  main  irrigation  canal  and  its  subsidiary  ditches  is 
reasonably  free  from  sediment o However,  some  sediment  is  produced  by 
erosion  of  the  canal  banks  during  periods  of  release  flowo  The  greatest 
contribution  of  sediment  to  the  irrigation  canals  is  derived  from  sheet 
erosion  of  the  uplando  These  sediment  deposits  encourage  the  growth  of 
brush,  weeds,  moss  and  aquatic  plants  which  reduce  the  canal  capacity o 
A principal  part  of  the  annual  maintenance  charges  on  the  system  is  for 
cleaning  the  canals  and  ditches o This  cost  has  been  estimated  by  irriga^ 
tion  district  officials  at  more  than  ^2,000  annually  per  mile  of  canal o 

The  recommended  program,  will  have  a beneficial  effect  by  reducing 
the  sedim.ent  damage  to  the  irrigation  canals  and  ditches  mthin  the 
w'atershed  o 

Sediment  damage  to  irrigated  lands  by  deposits  from  overflow  of 
streams  is  not  serious  since  the  frequency  of  overflow  on  the  irrigated 
areas  is  low© 
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APPENDIX  V 
RECOMMENDED  PROGRAM 

The  problems  encountered  in  developing  and  evaluating  a recommended 
program  for  runoff  and  waterflow  retardation  and  soil  erosion  prevention 
for  the  various  conditions  encountered  within  the  San  Antonio  River 
Watershed  were  studied  through  a sampling  method o Small  watershed  areas 
which  were  typical  of  the  various  problem  areas  in  soil  conservation  or 
of  sub“problem  areas  within  them  were  selected  and  examined  in  detail© 

The  conclusions  and  recommendations  derived  from  these  intensive  in° 
vestigations  in  sample  watersheds  were  then  expanded  to  the  area  of  which 
they  were  typical ^ figure  38°  Sufficient  examinations  were  made  in  each 
of  the  large  areas  to  assure  that  the  conclusions  reached  in  the  sample 
were  valid  for  the  whole  area©  Land  treatment  and  stabilising  measures 
and  the  resulting  benefits  and  costs  for  the  individual  sample  areas  were 
expanded  to  the  comparable  expansion  area© 

The  expansion  of  flood  prevention  measures  was  carried  out  in  the 
same  manner©  In  some  areas  sites  were  not  available  or  flood  damages  were 
too  small  to  justify  recommending  floodwater  retarding  structures  at  this 
time©  In  the  expansion  of  data  consideration  v/as  given  to  these  conditions© 

Measures  and  practices  applicable  to  the  various  problem  areas  in 
soil  conservation  were  considered  and  a determination  was  made  as  to  which 
measures  were  of  primary  importance  to  the  objectives  of  runoff  and 
waterflow  retardation  and  soil  erosion  prevention©  Soil  Conservation 
Service  work  unit  personnel e regional  technicians  and  other  agricultural 
workers  were  consulted  concerning  the  need  for^  and  the  feasibility  of^ 
measures  in  determining  whether  they  should  be  included  in  the  recommended 
program© 

In  analyzing  the  effects  and  costs  of  measures  or  combinations 
of  measures  the  following  groupings  were  made;  l/ 

1®  Those  parts  of  the  going  agricultural  programs  in  the  water= 
shed  which  were  deemed  of  primary  importance  to  the  objectives 
of  the  Flood  Control  Act©  It  was  assumed  that  the  application 
of  such  m.easures  would  continue  at  a rate  at  least  equal  to  the 
present  rate^  as  shown  by  records  of  agricultural  agencies 
for  the  period  19U?  through  19^0©  Since  the  measures  in  this 
group  are  currently  being  installed the  portions  which  can  be 
expected  to  be  installed  during  the  evaluation  period  are  not 
included  in  the  recommended  program  nor  are  they  discussed  in 
detaili  see  2 (a)  below© 


l/  Pages  1 and  2 of  the  Secretary's  Memorandum^  dated  September  » 19U9s 
” Subjects  "Policies  and  Procedures  to  Guide  the  Preparation  of  Flood 
Control  Survey  Reports as  amended  and  supplemented^  January  6^,  1950° 
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2o  The  program  recommended  in  this  report  is  as  follows? 

(a)  The  acceleration^  intensif icationp  or  adaptation  of  such 
portions  of  the  going  prograrrs  to  the  extent  necessary  to 
achieve  flood  prevention  objectives o This  portion  of  the 
recommended  prograin  is  called  land  treatment  and  stabilize 
ing  measures o 

(b)  Additional  measures  not  now  regularly  installed  but  con= 
sidered  necessary  to  complete  a balanced  runoff  and  water= 
flow  retardation  and  soil  erosion  prevention  program  for 
the  watershed o This  portion  of  the  recommended  program 

is  called  flood  prevention  m.easureso 

The  present  speed  of  application  of  measures  under  the  going  programs 
and  the  possibilities  of  acceleration  were  considered  in  estimating  the 
time  which  would  be  necessary  to  apply  the  recommended  programo  It  was 
decided  that  an  installation  period  of  approximately  15  years  would  be 
necessary  for  completion  of  the  recommended  land  treatment  and  stabilize 
ing  measures  on  substantially  all  farms  and  ranches  an  the  water shed o 
Flood  prevention  measures  can  be  applied  almost  irrmediately  but  should 
not  be  installed  until  a major  portion  of  their  drainage  area  has  been 
treated  to  reduce  soil  loss  and  sediment  output  rates o 

Investigation  of  damages  and  possible  benefits  showed  that  the 
acceleration  of  land  treatment  and  stabilizing  measures  was  justified  in 
nearly  all  of  the  watershed  and  would  result  in  substantial  reductions  of 
damages  o Figure  shows  the  small  flat  area  in  Victoria  and  Refugio 
counties  on  which  no  acceleration  is  recommended  at  this  timeo 

The  following  tabulation  shows  the  present  annual  (going)  rate  of 
application  of  land  treatment  and  stabilizing  measures  and  also  the 
total  amount  which  would  be  established  by  the  going  program  during  the 
15-year  acceleration  period? 


? i s Amount  which  will 

s ^Present  Annual  ?be  established  in 

Measures  ?Unit  sRate  of  Appli°  ?a  15°year  period  by 

? 2 cation  ?the  Going  Program 


Terraces 

Miles 

273 

U.095 

Field  Diversions 

Miles 

10 

150 

Cover  Crops 

Acres 

11,908( 

178,620 

Farm  and  Group  Waterways 

Miles 

16 

2h0 

Establishment  of  New  Grassland 
Improvement  and  Management  of 

Acres 

1.171 

) 17.565 

Existing  Grassland 

Acres 

66,633 

99U.1+95 

The  following  sections  describe  the  measures  included  in  the  recom” 
mended  programo  Installation  costs  include  the  cost  of  the  first  appli- 
cation or  constructiono  Quantities  of  measures ^ costs  of  installation^ 
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and  the  distribution  of  these  costs  are  presented  in  table  39 <>  The 
installation  cost  by  major  groupings  and  the  number  of  floodwater  retard= 
ing  structures  a for  creek  -watersheds  or  sections  of  river  -watersheds  are 
sho-wn  in  table  UOo 

Maintenance  of  the  land  treatment  stabilizing  flood  prevention 
measures  on  private  land  is  considered  the  responsibility  of  local  or 
private  interests o The  estimated  costs  are  shown  as  non=Federalp  but 
it  is  recognized  that  the  Department  of  Agriculture  has  responsibilities 
to  see  that  the  maintenance  is  carried  out  to  the  extent  that  the  going 
programs  of  the  Department  cannot  meet  these  requirements  of  maintenance o 
The  Secretary  of  Agriculture  may  request  funds  under  appropriate  author!-” 
ties  for  carrying  out  maintenance  of  these  measures  and  practices o 


LAND  TREATMENT  AND  STABILIZING  MEASURES 

The  land  use  adjustments  and  to  a large  extent  the  application  of 
land  treatment  and  stabilizing  measures  will  be  carried  out  by  farmers 
and  ranchers o It  is  essential  that  measures  and  practices  be  planned  not 
only  to  achieve  the  maximum  utilization  of  the  capacity  of  soil  to  absorb 
and  hold  water  in  this  low  rainfall  area^  but  also  to  accomplish  this  ob-= 
jective  without  unduly  disrupting  the  economy  of  the  area© 

All  of  the  watershed  is  included  within  soil  conservation  districts g 
figure  7s  Appendix  II o The  work  plans  and  programs  of  these  districts 
set  up  land  use  and  treatment  standards  -which  reflect  the  best  judgment 
and  information  available  on  soil  and  water  conservationo  Application  of 
these  measures  has  been  in  progress  for  several  years  and  treatment  has 
been  initiated  and  partially  completed  on  about  629sOOO  acres ^ or  2I4. 
percent  of  the  area  in  the  watershed  where  acceleration  of  treatment  is 
recommended  o 

Terraces 


All  cultivated  land  subject  to  damaging  erosion^,  except  deep^  coarse 
textured  soils g will  be  terracedo  Terraces  reduce  sheet  erosion  and 
inhibit  the  development  of  gullies  by  decreasing  the  length  of  slope  over 
which  runoff  water  travels  and  by  collecting  runoff  water  into  protected 
channelso  The  reduced  velocity  of  runoff  reduces  the  amount  of  sediment 
or  soil  which  it  can  carry  through  the  terrace  channels  o.  The  estimated 
installation  cost  of  terraces  is  fll+O  per  mile  and  the  annual  maintenance 
cost  is  estimated  to  be  10  percent  of  the  installation  costo  Since  the 
entire  watershed  is  subject  to  very  high  intensity  storms  no  level  closed-- 
end terraces  are  planned® 

Field  Diversions 

Field  diversions  will  be  constructed  to  intercept  and  route  runoff 
to  selected  points  in  order  to  protect  severely  eroded  areas g valuable 
cropland p or  local  high  damage  areas®  In  some  cases  field  diversions 
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Table  L|.0o  Installation  Costs  by  Creek  Watersheds  or  Sections  of 
River  Watersheds  and  the  Number  of  Floodwater  Retarding 

Structures 

San  Antonio  River  ii^atershed , Texas 


Creek  Watershed  s 
or  Section  of 
River  Watershed  t 

Recommended 
Land  ^’reatment 
and  Stabilizing 
Measures 

2 Technical 
2 Education 
2 & Adminis-= 
2 tration 

2Flood 

2Preventioa 

2Measures 

2 Floodwater 

sRetarding 

2Structures 

( dollars ) 

(dollars) 

( dollars ) 

(number) 

Upper  San  Antonio 

987,688 

532.791 

2,185p0Ul 

25 

Lower  San  Antonio 

753.899 

407.903 

1,404.377 

13 

Upper  Medina 

173.698 

217,934 

0 

0 

Lower  Medina 

39k.31(> 

332.783 

467.495 

7 

Upper  Cibolo 

97.779 

100,180 

0 

0 

Lower  Cibolo 

898,728 

311.486 

1,347.582 

31 

Ecleto 

330. 907 

133.320 

1,001,016 

9 

Total 

3.837.075 

2.036,897 

6,405.511 

85 
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will  be  used  as  the  top  terrace  in  a terrace  systemo  Cost  per  mile  is 
estimated  to  be  $5^1  and  annual  maintenance  is  estimated  to  be  5 percent 
of  the  installation  costo 


Natural  and  constructed  waterways ^ including  terrace  outlets ^ will 
be  stabilized  by  use  of  vegetation  and  structures  to  reduce  sediment 
yields  and  land  destruction  resulting  from  the  concentration  of  runoff o 
These  channels  will  be  shaped  where  necessary  and  a vegetative  cover 
established  by  seeding  or  sodding  of  adapted  grasses ^ fertilization  and 
managements  to  offer  maximum  protection  to  the  waterwayo  These  waters 
v^ays  will  safely  carry  the  discharge  from  terraces  e diversion  terraces  ^ 
or  other  structures ^ and  will  supplement  the  natural  surface  collection 
and  drainage  system  of  the  areao 

The  estimated  installation  cost  is  ^228  per  mile  and  annual  mainten* 
ance  is  estimated  to  be  5 percent  of  the  installation  costo 


Terraces s diversions ^ and  waterways  comprise  the  runoff  water  dispO“= 
sal  system  of  the  farm  areao  Other  measures  which  retard  runoff  and  soil 
losses  fit  within  this  framework  and  will  hold  as  much  as  possible  of  the 
usable  water  on  the  fields o disposal  systems  will  carry  the  excess 

in  a safe  and  orderly  manner  to  the  natural  stream  courses o 


The  use  of  annual  or  perennial  legumes  or  closely  seeded  crops  to 
protect  cropland  areas  during  seasons  when  the  soil  surface  would  be 
bare  of  vegetation  decreases  runoff  and  soil  loss  by  increasing  the 
rate  of  water  penetration  into  the  soil  and  slowing  the  rate  of  runoff 
overlando  cost  of  initial  installation  of  this  practice  is  estimated 

to  be  Is  per  acre^,  -vdiich  includes  seed^  fertilizer  ^ and  planting  costs  o 
The  cost  of  recurrent  planting  of  cover  crops  is  included  in  the  increased 
cost  of  operating  a more  profitable  system  of  farmings  Appendix  VIo 

Other  Cropland  Conservation  Measures 


Additional  farm  practices  are  necessary  on  cultivated  areas  to  retard 
runoff  and  protect  the  soil  from  erosiono  All  crops  will  be  planted  and 
cultivated  on  the  contour  to  reduce  the  concentration  of  runoffs  except 
where  erosion  is  negligible  and  drainage  is  the  major  problemo.  Crop 
residue  management  and  conservation  crop  rotations  will  be  practiced 
on  nearly  all  cultivated  land  to  improve  the  physical  condition  of  the  soils 
which  will  promote  infiltration  of  rainfall  into  the  soilo  Improve-^ 
ment  of  the  physical  conditions  gain  in  soil  fertilitys  and  enhancement 
of  water-holding  capacity  resulting  from  these  management  practices  also 
v/ill  reduce  runoff  and  soil  loss  through  an  increased  vegetative  cover  and 
more  efficient  utilization  of  available  rainfall o A large  percentage 
of  these  practices  will  be  applied  through  the  going  programs  and 
their  use  is  becoming  widespreado  Ag  these  measures  are  rapidly  becoming 
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a part  of  the  fanning  system  without  noticeable  increases  in  farm 
operating  costs ^ installation  costs  were  not  consideredo 

Establishment  of  New  Grassland 

Approximately  22ell9  acres  of  land  which  is  now  cultivated  or  lying 
idle  should  be  converted  to  pasture  or  range  lando  The  capability  of  this 
land  is  such  that  it  cannot  be  continuously  and  profitable  cultivated ^ 
but  it  can  be  developed  into  good  or  excellertt  cover  with  a reasonable 
expenditure o Fertilizing  and  seeding  are  the  major  items  of  expense  and 
will  vary  from  l25  to  $29  per  aoreo  ^he  management  costs  of  this  new 
pasture  will  be  the  same  as  any  other  pasture  and  the  reduction  in  flood 
and  sediment  damages  due  to  the  soil  cover  improvement  will  reach  far 
beyond  the  areas  actually  improvedo  These  and  other  land  use  changes 
are  shown  in  table  I4.I0 

Improvement  and  Management  of  Existing  Grassland 

A large  group  of  measures  is  included  under  this  headingo  Measures 
such  as  proper  stockings  salting  and  establishing  a water  supply  for  live” 
stock  use  are  beneficial  to  grassland  but  since  they  are  management 
practices  which  should  be  followed  universally  no  costs  are  consideredo 
The  improvement  of  the  cover  on  existing  grassland  will  reduce  flood  and 
sediment  damages  materiallyo  ^he  estimated  costs  for  fertilizing  and ^seed” 
ing  vary  from  $8  t©  f,12  an  acre  in  a large  part  of  the  areao  The  esti“ 
mated  cost  of  clearing  of  scattered  trees  on  a small  portion  varies  from 
$5  "to  115  pssT’  acrco  Somewhat  over  i2e000  acres  of  the  grassland  are 
wooded  and  this  cover  is  very  effective  in  reducing  s-orfac.e  runoff  o 
In  the  case  of  wooded  thin  or  rocky  soilss  if  cleared  it  is  doubtful  that 
a grass  cover  could  be  established  which  would  be  as  effective  in  reduc-= 
ing  runoff  as  the  present  woods  cover o Clearings  therefore^,  is  recom” 
mended  only  on  areas  of  wooded  deep  soils o 

Technical  Services 


Technical  services  will  be  made  available  to  owners ^ operators 
and  administrators  of  farm  and  ranch  lands  to  assist  in  planning  and  ap- 
plying the  necessary  land  use  adjustments  and  for  planning  and  applying 
the  land  treatment  practices  and  measures  j,  including  integration  with 
other  measures  included  in  the  recommended  programo  ^he  cost  of  furnish- 
ing these  services  is  a Federal  cost  and  is  approximately  $2  per  acre 
on  the  areas  in  which  .acceleration  is  recommendedo  The  total  cost  for 
the  15”y©ar  period  is  estimated  to  be  $1^652.^626* 

The  estimated  installation  costs  of  flood  prevention  measures  include 
engineering  and  design  costs  of  structures o 

Educational  Assistance 

Land  owners  and  operators  will  be  furnished  educational  assistanceo 
They  will  be  supplied  information  as  to  the  manner  in  which  services  and 
assistance  are  made  available  through  the  various  governmental  agencies 
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and  how  they^  by  their  own  efforts ^ can  contribute  most  economically  to 
the  success  of  the  programo  Intensified  educational  efforts  will  be 
directed  to  familiarizing  farmers  with  the  recommended  practices  and 
measures  howto  install  and  apply  measures  not  requiring  technical 
assistancoo  The  cost  of  providing  educational  assistance  on  a creek 
watershed  basis  was  estimated  by  the  Agricultural  Extension  Service o 

The  cost  of  educational  assistance  per  acre  to  be  treated  by  the 
accelerated  program  and  per  square  mile  of  watershed  is  approximately 
as  followss 

Per  Acre 


|0o29 

Administration  of  Direct  Aids 

The  recommended  program  includes  the  payment  of  direct  aids  to 
individual  farmers  and  ranchers  by  the  Federal  Government  to  defray 
portions  of  the  cost  of  certain  measures o The  Federal  contribution  is 
based  upon  the  present  rates  of  payment  per  unit  of  measure  applied o 
Payments  on  the  measures  to  be  applied  as  a part  of  the  recommended 
program  during  the  15°year  period  of  installation  would  not  duplicate 
payments  made  under  the  going  programo  The  cost  of  administering  these 
direct  aids  is  8o0  percent  of  the  payments  and  will  approximate  $lI|.5.i>995o 

FACILITATING  MEASURES 

Hydrologic  studies  to  Facilitate  Program  Installation 

It  is  recommended  that  measuring  devices  be  installed  on  selected 
segments  of  creek  watersheds  to  obtain  information  on  rainfall  and  runoff 
from  streams  to  facilitate  installation  of  the  recommended  programo  The 
measurements  will  includes 

(a)  Measurement  of  precipitation  and  determination  of  rainfall =runoff 
relationshipo 

(b)  Determination  of  flood  hydrographs  on  small  and  modera te=sized 
drainage  areas  to  assist  in  design  of  remedial  measures  and 
flood  routingo 

It  is  recommended  that  6 lake-^level  gages g 3 streamflow  gages  and 
50  precipitation  gates  be  located  in  Calaveras  and  Escondido  Creeks  to 
accomplish  this  a 

Cost  of  the  installation  and  operation  and  maintenance  of  the  gages 
and  analysis  of  data  are  as  follows g 

Cost  of  installing  9 water  stage  recorders  $18,000 

Cost  of  installing  30  rain  gages  3 s5k0 


Per  Square  Mil© 

l57oUO 


Total 


|21g3U0 
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Annual  operation^  maintenance  and  analysis  of  records 0 

water“stage  recorders  |7s200 

Annual  operation^  maintenance  and  analysis  of  records ^ 

rain  gages  ]4.s600 

Total  IllsSOO 

Cost  of  operation 0 maintenance  and  analysis  of  records 

for  15=year  period  |l77oOOO 

FLOOD  PREVENTION  MEASURES 
Flood-water  Retarding  Structures 

Surveys  of  possible  sites  for  flood-water  retarding  structures  were 
made  in  6 sample  -watersheds  within  the  San  Antonio  River  Watershedo 
Investigations  were  made^  in  areas  to  which  data  from  the  sample  -water^ 
sheds  were  expanded ^ to  insure  proper  application  of  the  datao  '^he 
physical  and  economic  effects  of  systems  of  floodwater  retarding  struC“» 
tures  were  evaluated  by  flood  routing  methods  described  in  Appendices  III 
and  IVo  It  -was  determined  that  systems  of  structures p,  located  on  certain 
creeks  and  their  branches g are  feasible  and  are  needed  to  reduce  the 
frequency  and  severity  of  flooding  on  the  flood  plains  belowo  The  total 
cost  of  installation  is  estimated  to  be  |6 ° The  areas  in  which 
such  structures  are  needed  and  feasible  under  present  condtions  are 
delineated  in  figure  39°  Approximately  85  floodwater  retarding  struct 
tures  are  recommended  in  the  watershed  at  this  timeo  ^he  approximate 
number  of  these  structures  are  sho-wn  by  creek  watersheds  or  sections 
of  river  -watersheds  in  table  U2s>  and  pertinent  information  by  sample 
-watersheds  is  shown,  in  table  I4.30 

The  typical  structure  -was  so  located  as  t 0 protect  the  maximum 
area  of  cultivatedg  or  formerly  cultivated^,  alluvial  lands  which  are 
frequently  overflowedo  ^he  structures  -were  located  and  designed  to 
reduce  the  peak  flows  from  most  of  the  flood^producing  storms  to  less  than 
channel  capacity o ^his  will  achieve  substantial  reduction  in  flood  dam” 
age  and  make  it  possible  to  use  flood  plain  lands  more  intensive lyo 

The  volume  of  retarding  storage  in  each  structure  will  be  sufficient 
to  detain  the  rmoff  expected  from  a storm  of  at  least  a 25”year  frequency 
in  addition  to  the  amount  discharged  by  the  draw=do-wn  tube  during  the 
period  of  watershed  runoff o 

The  areas  in  which  floodwater  retarding  structures  are  recommendedp 
figure  39f)  are  characterized  by  small  farms  o It  is  anticipated  that  the 
structure  sites  -will  be  provided  by  local  interests  o "When  conditions 
are  , such  that  structure  sites  cannot  be  obtained  by  local  interests^ 
the  'sites  will  be  provided  at  Federal  expense o Whenever  possible^  title 
to  these  sites  should  rest  with  the  non=Federal  interests  responsible 
for  the  operation  and  maintenance  of  the  structures o The  annual  main- 
tenance cost  is  estimated  to  be  an  average  of  |200  per  structure » 
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Table  I|2o  Number  and  Size  of  Floodwater  Retarding  Structures  by 
Creek  '^'^atersheds  or  Sections  of  River  Watersheds o 

San  Antonio  River  Watershed ^ Texas 


0 

Creek  Watershed  s 
or  Section  of  s 

River  ^''fatershed  t 

g 

Number 

of 

StruC“ 

ture 

o 

0 

sACo  Fto  De- 
s tention 
2 Storage  per 
g Structure 

00  0 

?Total  sCubic  Yards 
sAcre  FeetsFill  per  s 
sFlood  s Structure  s 
sStorage  s s 

Total  Cubic 
Yards  of 
Fill 

Upper  San  Antonio 

25 

2.829 

70.72U 

141.783 

3.544.563 

Lower  San  Antonio 

13 

3.376 

43.893 

182 .62U 

2.374.111 

Upper  Medina 

0 

0 

f 

0 

0 

0 

Lower  Medina 

7 

2.259 

15.815 

102.552 

716.461 

Upper  Cibolo 

0 

0 

0 

0 

0 

Lower  Cibolo 

51 

1.098 

31+.035 

59.917 

1.857,414 

Fcleto 

9 

3.1J-76 

51.286 

188. 025 

1.692.22? 

Total 

85 

195.753 

10,184,776 

Average 

2.303 

119.821 

Table  Pertinent  Data  on  Floodnater  Retarding  Struotiiree  Reoonmended 

for  Construction  by  Sample  T^tersheds 
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Thirteen  additional  sites  investigated  but  not  recommended  at  this  t: 
Four  addiHonal  sites  Investigated  b\it  not  reeommended  at  this  time* 
Three  additional  sites  Investigated  but  not  reeonnnended  at  this  tljae. 


Maintenance  during'  the  period  of  installation,  before  the  structure  is 
turned  over  to  the  maintaining  agency,  is  considered  a Federal  cost  and 
is  included  as  part  of  the  installation  cost®  It  is  estimated  at  $1,000 
per  structure  based  on  a 5“y©9.r  periodo 

It  is  possible  at  some  sites  to  provide  additional  storage  for 
irrigation  useo  If  such  provision  is  made,  all  additional  costs  will 
be  paid  by  the  interested  parties  or  organizat iono 

Figures  1+0,  1+1  and  L|2  show  the  location  of  recommended  floodwater 
retarding  structure  sites  in  the  sample  watersheds o liable  [4I+  shows  the 
costs  of  floodwater  retarding  structures  in  the  sample  watersheds 
computed  on  the  following  basis s 

lo  Earth  fill  at  $0ol+0  per  cubic  yardo  This  includes  stripping, 
core  excavation,  fencing,  release  tube,  sod  spillway  and 
related  costs o 

2o  Concrete  spillways  where  applicable o 

3o  Technical  services  at  15  percent  of  items  1 and  2o 

1+0  Contingencies  at  10  percent  of  items  1 and  2o 

5o  Replacement  cost  at  5 percent  of  items  1,2,  3 h 

combined  o 

60  Maintenance  at  $200  per  year  per  site  for  a 5"y©^r  period 
during  installationo 

7o  Land  acquisition  costs  by  individual  site  appraisalo 

80  Farmstead  and  road  relocation  costs  according  to  individual 
site  estimates o 

Prior  to  construction  of  floodwater  retarding  structures  when 
construction  of  reservoirs  is  anticipated,  detailed  site  investigations 
will  be  made  and  plans  prepared  as  shown  on  pages  ll+5o  1^7  and 
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Square  Mile  Drainage  Area 
Dirt  Road 
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Outline  Flood  and  Sediment  Damage 
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Figure  UO 

SAN  ANTONIO  RIVER  WATERSHED 
PLAN  FOR  RUNOFF  AND  WATERFLOW 
RETARDATION  AND  SOIL  EROSION  PREVENTION 
CALAVERAS  CREEK  SAMPLE  WATERSHED 

U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M.  SALTER-CHIEF 
REGION  4 DIRECTOR  • LOUIS  P.  MERRILL 
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LEGEND 


Floodwater  Retarding  Structure 
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Sq.  Mi.  Drainage  Area 
D i rt  Road 
Paved  Road 
County  Line 
Watershed  Boundary 


^ Drainage  Area  Boundary  - Special 
St  rue tu  re 

. Outline  Flood  and  Sediment  Damage 
A rea 

I-  Pipe  Line 
Drainage 
-I—  Rail  road 


Recommended  Project  - u.  S.  Corps 
of  Engineers 


Figure  1+1 

SAN  ANTONIO  RIVER  WATERSHED 
PLAN  FOR  RUNOFF  AND  WATERFLOW 
RETARDATION  AND  SOIL  EROSION  PREVENTION 

ESCONDIDO  CREEK  SAMPLE  WATERSHED 

U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M.  SALTER-CHIEF 
REGION  4 DIRECTOR  • LOUIS  P.  MERRILL 
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Floodwater  Retarding  Structure 
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DA 


site  NO. 

Sq.  Mi.  Drainage  Area 
Dirt  Road 
paved  Road 
County  Line 


watershed  Boundary 
Dra i nage 

Drainage  Area  Boundary  - Specia) 

St  ructure 

Outline  of  Flood  and  Sediment  Damage 
A rea 

Transmission  Line 


Figure 

SAN  ANTONIO  RIVER  WATERSHED 
PLAN  FOR  RUNOFF  AND  WATERFLOyW 
RETARDATION  AND  SOIL  EROSION  PREVENTION 

SANTA  CLARA  CREEK  SAMPLE  WATERSHED 


U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M.  SALTER-CHIEF 
REGION  4 DIRECTOR  • LOUIS  P.  MERRILL 

REFERENCE 


_ APPROVAL 


TECHNICAL  APPROVAL 
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Table  l4j-j.o  Estimated  Cost  of  Recommended  Floodwater 
Retarding  Structures  in  Sample  Watersheds 

San  Antonio  River  Water  shed Texas 


Item 

° 

Sample  lAIS-tershed 

s Calaveras 
% Creek 

s Escondido  % 

% Creek  % 

Santa  Clara 
Creek 

Number  of  sites 

7 

8 

8 

(dollars) 

(dollars ) 

(dollar  s) 

Earth  Fill 

295p815 

591.0x6 

iUo.896 

Technic&l  Services 

1U^.572 

88,652 

21,135 

Contingencies 

29  D 382 

59.102 

1U,089 

Replacement 

18sU88 

36.939 

8,807 

Maintenance  l/ 

7.000 

8,000 

8,000 

Site  Acquisition 

77,791; 

69,062 

50  ,li.6l 

F^-rmstead  Relocation 

UpOoo 

15,500 

15,500 

Road  Relocation 

5.500 

7,750 

7,000 

TOTAL  COST 

U32.551 

87U,021 

265,888 

1/  Cost  during  installation  before  release  to  the  maintaining  agency 
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SPRINGS 


Contains  SUt 


Contains  Mar! 


CURVE  DATA 
R = 247.2' 

A = 5!^  0' 

0 = 23^  //' 

L 220' 

PC  = Sta.  !+50 
PT  = Sta.  3+70 


LOG  OF  SPILLWAY  BORINGS 

SEE  PLAN  OF  EMBANKMENT  a SPILLWAY 


5|  OF  EMBANKMENT 


'^.O  from  Sta.  ! + 00  to  Sta.  2+!0 
\.  Sta.  2 + !0  to  Sta.  6+00 


150.0' 


CROSS  SECTION 
LWAY  AND  DIKE 


Elev. 

Surface 

Acres 

Storaae  » 

Ac.  Ft. 

Inches 

656 

14 .6 

H3.69 

!.40 

660 

19.5 

149.09 

1.82 

664 

27.  0 

242.09 

3.02 

668 

37.  3 

370.69 

4.52 

672 

48.  0 

541.29 

6.66 

676 

62.5 

762.  29 

9.37 

Top  of  Dam  (Ef active)  E/ev.  677.0 


SpHifnay  Crest  Eiev.  672.0 


Outlet  Structure  Elev.  658.0 


Drainage  Area  976  Ac. 


Spillway  £! 


CroL 

md 

" 'V. 

"*s. 

•*«SJ 

<0 



nished  Cr 

ade 



i OF  SPILLWAY 


^Includes  Volume  of  Borrow 


GENERAL  PLAN  AND  PROFILES 
WATERFLOW  RETARDING  STRUCTURE  SITE  NO.  7 
PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 

OF  THE 

TRINITY  RIVER  WATERSHED 

TEXAS 

U.S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M SALTER-CHIEF 
REGION  4 OIRECTOR-LOUIS  P.  MERRILL 

ReFUEMCC 

RPPtKMtt. 


4-R-8345-I 


AGR-SCS-FT  WORTHJEX., 


PLAN  OF  embankment  AND  SPILLWA^  ^ 

•“  •“  ” "•  r *•- 




! 


TYPICAL  CROSS  SECTION 
np  SPILLWAY  AND  DIKE 


profile  OlLt-gf 


PROFILE  ON  t OE  SPILLWAY 


GENERAL  PLAN  AND  PROFILES 

WATERFLOW  RCTAR0IN6  STRUCTURe  SITE  NO.  7 
PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 
TRINITY  RIVER  WATERSHED 

TEXAS 

ua  DEPAinVENT  OF  A6RICULTVRE 
SOIL  CONSERVATION  SERVICE 

ROt  C AT  H SALTER  - CMCF 
REWOH  A omECTOR-LOVtSP-MCRRILL 


-Downstream  Toe  of  Slope 


Mud  SUL  See  Detail 
On  4-R-e345-4 


12“^  !4  Go.,  Bituminous 
Coated,  Corrugated 
Sheet  Meta!  Pipe. 


Flow  Line  of  Creek  <P  Eiev.  642.0 


' 

_i'-i  — 4;  - 

II  1 

1?^ 
j s ^ 

1 C) 

1 2 g 

'■5  ,1 

i 

lit  1 

! 

Mi; 

L- 

-1 1 

See  Detail  below 


1 .Class  B 

Concrete  ^ 

1 

f Ldx!  , 

Precost  concrete/ 

Support  Blocks  '' 

TYPICAL  JOINT 


2 Layers  heavy  smooth 
surfaced  Roof  mg  Felt 
Approx  Wt.  55  lbs  per  | 
square 


'meat  mortar  coating  reinf  by  2‘x4"-t3Ga. 

'ided  wire  mesh  - Applied  in  plant. 

'ement  grout  placed  m field. 

^ Rubber  Gcsiel  ..  ' .c.  Jr 


4-li  <Pl2  , 

LONGITUDINAL  SECTION  OF 
COLLAR  a CRADLE 


A-5 

A'^ 

^tai  steel  in  one  An 
B-T\^Collar  8 CradU 

a-2\ 


Class  "^A  ’ Concrete 
Class  "A"  Concrete 
Class  ’B' Concrete 


/S 10 

ION  B-B 


EMBANKMENT  AND  OUTLET  STRUCTURE 

WATERFLOW  RETARDING  STRUCTURE  SITE  NO.  7 

PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 

OF  THE 

TRINITY  RIVER  WATERSHED 

TEXAS 

U.S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M,  SALTER- CHIEF 
REGION  4 DIRECTOR  - LOUIS  R MERRILL 


FOR  IN  SERVICE  USE  ONLY 


COMPILED  TRACE 

C.E.C.  J.W.M. 


4-R-8345-2 


AGR-  SCS'FT  WORTH, TEX. 


1/10/50 
Revised  3/15/50 


R.D  B.  For  IB”  Lock  Joint  Reinforced  Concrete  Pipe  Bose  4-R-7576 


_ Fm  Bolts.  4-!/^^x9“  Mach.  Bolts 
s embedded  (Bock  face  only) 


Debris  Guard  Bolts  See[ 

Bolt  Placement  Detail.  \5"  Debris  Guard 
L^—lsee  Bolt  Place- 


BAFFLE  WALL 

(Both  Faces! 


Note 

(l^  inside  face 
and  (2O)  outside  face 


r 1 

1 e'-r 

1 9-i- 

>-A  rSIDE  STEEL  INSIDE  STEEL 


ELEV/^  EEL  SYMMETRICAL  ABOUT  t 

SECTION  B-B 


SECTION  F-F 


BAR  SCHEDULE 


(p)3-li(Pll 


J 


6 

r 

AH  Dimensions  are  out  to  out  For  Typical  Bor  Types  refer  to  ACt  Standard  3tS  - dd 

1 

Length 

Total 

Length 

Type 

A 

8 

C 

D 

E 

F 

6 

J 

K 

8 

0 

tO-2 

81-4 

t 

0-6 

9-2 

0-6 

0-4 

7-6 

75-0 

/ 

0-6 

6-6 

0-6 

0-4 

9-2 

55-0 

Str. 

6-6 

65-0 

Sir 

- 

5-6 

33-0 

2 

1-6 

4-0 

10-2 

30-6 

2 

3-8 

2 -to 

3-8 

7 -to 

47-0 

2 

t-6 

6-4 

tS-6 

46-6 

2 

6-4 

2 -to 

6-4 

8-3 

33-0 

8 

2-n 

2-8 

2-8 

8-3 

33-0 

8 

3-r^ 

2-8 

2-4 

4-8 

14-0 

2 

0-7 

3-6 

0-7 

'e 

4-0 

12-0 

2 

0-7 

2-fO 

0-7 

> 

. 5-8 

34-0 

Str. 

3-n 

U-9 

Str 

L 

8-f 

!6-2 

2 

2-3 

5-10 

'e 

8-9 

17-6 

2 

2-7 

6-2 

'f 

10-0 

40-0 

2 

2-3 

5-6 

2-3 

't 

n-4 

45-4 

2 

2-7 

6-2 

2-7 

12-6 

50-0 

T-2 

0-7 

2-fO 

2 -to 

2-tO 

2-10 

0-7 

!5-2 

60-8 

T-2 

0-7 

3-6 

3-6 

3-6 

3-6 

0-7 

'e 

5-4 

85-4 

Str. 

> 

3-3 

26-0 

Str 

> 

9-8 

29-0 

S-6 

0-7 

2-tO 

2-tO 

2-10 

0-7 

t 

n-0  ' 

33-0 

S-4 

0-7 
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Total  Steel  in  Structure  Inlei.  = ll96'-9“  = 799.43  * 
Total  Class  “A"  Concrete  in  Structure  Inlet  - 6.56  Cu.  Yds. 
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STRUCTURE  INLET  DETAILS 

WATERFLOW  RETARDING  STRUCTURE  SITE  NO.  7 

PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 

OF  THE 

TRINITY  RIVER  WATERSHED 

TEXAS 

U.S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M. SALTER- CHIEF 
REGION  4 DIRECTOR  - LOUIS  P.  MERRILL 


ie  4-R- 8345-3 


evised  12-11-51 


12/5/49 

12/14/49 

3/6/50 


10/6/49 
! 1/23/49 
8/8/50 
9/PB/50 


Base  for  30" 1 30*  Structure  Inlet  Details  4‘R-7437 


r 


*»^T,(IO»TM.T£x 


p-j  (w)<  Hfitt 


3'4‘k4’x5'~6’  ana  /-4lr4“x3‘-0“Pasfs  Facing 
boarOs  2*Md"or  2"xlCT  nailed  to  posts  with  20d 
noils.  Holes  for  fence  3^3"  dolts  m Baffle  HtHi 
1^x9* machine  bolts  imbedded  4" in  concrete  with 
>/i  O G washers. 

AH  material  to  be  creosote  treated  No  / Hough  f^ne 
with  not  less  than  lO  lbs  retention  per  cu.ft.  F^eser- 
votive  shall  meet  reguirements  of  Federal  Speclfico- 
tion  TT-W-5660 


BAFFLE  WALL  FIN 


^2  Perforations  2^cc~ 


'38"  Dia  Cover  I2  go  gotv  metal 
Perforations  on  4“ctrs. 


6" Hasp  welded 


Staple  welded  to  housing 

36  "Dia  Perforated  Pipe.  12  Go. 
golv.  corrug  sheet  metal.  Holes 
on^  I'l^" ctrs  in  each  valley  and 
dia  after  galvanizing.  Filter 
House  to  be  bituminous  coot- 
after  fabrication. 


Class  "A"  Concrete 
0.  4 Cu.  Yds. 


INLET  FILTER  HOUSING 


AGR-SCS-FT  WORTHJE  ^H-50 


ENSIGN 


ve  12“ Nipple.  Coupling  to 
steel  pins  each  end. 


DETAILS 

WATERFLOW  RETARDING  STRUCTURE  SITE  NO.  7 

PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 

OF  THE 

TRINITY  RIVER  WATERSHED 

TEXAS 

U S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

ROBERT  M. SALTER-CHIEF 
REGION  4 DIRECTOR  - LOUIS  P MERRILL 


FOR  IN-SERVICE  USE  ONLY 


3-12-52 


Detail  Sheet  for  30'x 30"  Structure  Inlet  (Wire  Fence) 


4-R-8345-4 

Bose  4~R~7447 


■ ■■ 


FENCE  AND  GATE  OFTAII 


BAFFLE  WALL  FIN 


nrvjf 


MUD  SILLS 


detail  a 


INLET  FILTER  HOUSING 


ecevATioN 


DETAILS 

WATEftFLOW  RETARDING  STRUCTURE  SITE  N0.7 
PILOT  AND  SISTER  GROVE  CREEKS  WATERSHED 


DETAIL  A 


TRINITY  RIVER  WATERSHED 

TEXAS 

US  DEPARTMENT  OF  AGRICULTURE 
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APPENDIX  VI 
PROGRAM  APPRAISAL 

The  recommended  program  will  reduce  damage  caused  by  floodwater 
and  sediments  increase  the  value  of  production  from  certain  flood  plain 
lands  and  increase  the  income  from  treated  uplands©  These  reductions 
in  damages  and  increases  in  income  are  the  benefits  from  the  recommended 
program©  The  purpose  of  this  appendix  is  to  set  forth  the  monetary 
evaluations  of  the  benefits  accruing  from  the  recommended  program  and 
components  thereof  and  to  compare  these  benefits  with  the  cost  of  the 
recommended  program  or  of  the  applicable  component  part  or  group  of 
measures  © 

The  annual  benefit  reported  does  not  include  the  benefits  resulting 
from  the  application  of  measures  which  are  to  be  installed  by  the  going 
program©  • 


REDUCTION  OF  DAMAGE  FROM  FLOODWATER  AND  SEDIIVIENT 


Acres  Damagedg  Floodwater  damage  occurs  on  about  183s665  acres  of 
bottomland  in  the  San  Antonio  River  Watershed©  This  area  does  not  include 
bottomland  areas  within  the  city  of  San  Antonio  and  the  area  (2©l4.  miles 
in  length)  in  the  city  of  Kenedy  on  which  works  of  improvement  have  been 
recommended  by  the  Corps  of  Engineers©  Each  year  an  average  of  about 
59f)593  acres  are  flooded^,  which  includes  the  repetition  of  acreages 
flooded  more  than  once  during  the  year©  The  recommended  program  will 
reduce  the  average  annual  total  acreage  flooded  to  about  52»26l  acres ^ 
or  a reduction  of  about  h3°7  percent©  ^he  average  depth  of  inundation 
on  remaining  areas  subject  to  flooding  also  will,  be  reduced© 


Crops  and  Pasture  Damage  Reductiong  At  1950  prices  it  is  estimated 
that  installation  of  the  recommended  program  will  result  in  an  average 
annual  benefit  of  g'^22  of  which  $27s890  will  result  from  the  applica- 
tion  of  the  land  treabnent  and  stabilizing  measures  and  |6lpl4.32  from 
the  installation  of  floodwater  retarding  structures©  Reduction  of 
damages  to  crops  and  pasture  will  amount  to  approximately  28o3  percent 
of  all  benefits  derived  from  reduction  in  floodwater  and  sediment  damage© 


Flood  plain  Scour  Damage  Reductiong  It  is  estimated  that  the  recom~ 
mended  program  will  reduce  flood  plain  scour  damage  $3Us2[tJ4.  annually j,  or 
approximately  10©8  percent  of  the  total  benefits  from  reduction  in  damages© 
The  application  of  land  and  stabilizing  treatment  measures  will  account 
for  111 0626  of  this  benefit  and  the  installation,  of  floodwater  retarding 
structures  $22g6l8o 

Other  Agricultural  Damage  Reductiong  It  is  estimated  that  the 
recommended  program  will  reduce  average  annual  damage  to  fences^  live-= 
stocky  farm  buildings 0 stored  crops ^ private  farm  roads  and  similar  items 
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$105»l60a  or  approximately  33 °3  percent  of  the  total  benefits  from  reduce 
tion  of  damages o A benefit  of  $5^2^53  will  result  from  the  application 
of  land  treatment  and  stabilizing  measures  and  $73s707  from  the  installa= 
tion  of  floodwater  retarding  structures o 

Nonagricultural  Damage  ^eductiong  The  recommended  program  is  esti- 
mated to  reduce  average  annual  damages  to  highways ^ bridges ^ roads ^ rail- 
roads ^ urban  and  other  nonagricultural  property  114.8^783 » or  approximately 
15olj.  percent  of  the  total  benefits  from  reduction  of  damageso  A benefit 
of  $15s168  will  result  from  the  application  of  the  land  treatment  and 
stabilizing  measures  and  ^33s^l5  from  the  installation  of  floodwater 
retarding  structures o 

Reduction  of  Sediment  Damage- 

Valley  Sedimentations  The  value  of  the  estimated  reduction  in 
valley  sedimentation  resulting  from  the  recommended  program  will  be 
l5s7U8  annual lyp  or  approximately  lo8  percent  of  the  total  benefits 
from  reduction  of  damages o A benefit  of  |2p058  will  result  from  the 
application  of  land  treatment  and  stabilizing  measures  and  |3i>690  from 
the  installation  of  floodwater  retarding  s_tructureso 

Reservoir^Sedimentat ion;  It  is  estimated  that  the  average  annual 
benefit  obtained  from  reduction  of  sedimentation  in  Medina  reservoir  wi 11 
be  I355.  or  approximately  Ool  percent  of  the  total  benefits  from  reduc- 
tion of  damages  o benefit  will  result  from  the  application  of  land 

treatment  and  stabilizing  measures o 

Reduction  of  Indirect  Damage 

The  value  of  the  benefit  from  reduction  of  losses  to  business p labor 
earnings  and  other  phases  of  community  life  will  be  approximately  l32pU82 
annual iyp  or  10 o3  percent  of  total  benefits  from  reduction  of  damages o 
A benefit  of  19^9^0  will  result  from  the  application  of  land  treatment 
and  stabilizing  measures  and  $22p5^  from  the  installation  of  floodwater 
retarding  structures o 

The  benefits  from  reduction  of  floodwater p sediment  and  indirect 
damages  are  summarized  in  table  lj.5o  Summaries  are  also  included  in 
table  I4.8  for.  creek  watersheds  of  the  San  Antonio  River  Watershed o 

INCREASED  INC0H/IE_FR0M  THE  RBCOIIMENDED  PROGRAM 

The  recommended  program  will  not  only  reduce  damages  from  flood- 
water  and  sediment  but  also  will  increase  the  productivity  of  the 
watershed  and  the  agricultural  income  o 

Intensification  of  Land  Use  in  ^lood  Rjain 

The  increase  in  net  annual  income  from  flood  plain  lands  on  which 
the  agricultural  use  is  expected  to  be  intensifiedp  after  protection 
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Table  l\.^o  Summary  of  Average  Annual  Benefits  ^ 1950  Prices  p 
from  Reduction  of  Floodwater  and  Sediment  Damages  by 
the  Recommended  Program 

San  Antonio  River  Watershed^  Texas 


0 

§ Land 

8 Treatment 

Item  8 and 

8 Stabilizing 
8 Measures 

0 

0 

0 

8 Floodwater 
8 Retarding 
8Structures 

0 

0 

0 

D 

0 

8 Recommended 
8 Prog  ram 

8 Floodwater 
sRetarding 
8 Structures 
8 Only 

(dollars) 

(dollars) 

( dollars ) 

(dollars ) 

Reduction  in  Floodwater  Damage 

Crops  and  Pasture 
Flood  Plain  Scour 
Other  Agricultural 
Nonagr icu Itural 

27.890 

llp626 

3I.U53 

15^168 

61.U32 

22,613 

73.707 

35.615 

89.322 

3l4,2l4l4 

105.160 

1+8.783 

75.890 

28,81+9 

100,271 

1+6,333 

Subtotal 

86,137 

191.372 

277.509 

251 .31+3 

Reduction  in  Sediment  Damage 

Valley  Sediment  Deposition  2^058 

Reservoir  Sediment  Deposition  355 

3.690 

5.7I48 

355 

l+p666 

Subtotal 

2,i+13 

3.690 

6,105 

14,5666 

Reduction  in  Indirect  Damage 

9.9110 

22.5142 

32.1+82 

29.351 

TOTAL 

98,Ii90 

217, 6ol* 

516,091+ 

285.560 

1/  The  benefit  shown  is  present  damages  less  damages  in  the  future  with 
” only  structures  installed 0 
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from  floodings  is  estimated  at  '|lll4.s551|  s.11  of  which  will  result  from 
the  installation  of  floodwater  retarding  structures o 

Indirect  Benefits  from  Intensified  Land  Uses  Increased  production 
in  the  protected  flood  plains  will  contribute  to  the  economic  life  of 
the  nearby  communities  through  increased  businessp.  added  income  to  workers 
in  agricultural  processing  or  seriricing  establishments  p and  in  other 
similar  wayso  S-uch  benefits  were  not  included  in  the  benefit “Cost 
evaluat iono 

Conservation  Benefits 

Reduction  in  SqU  Lossg  In  estimating  the  effects  of  the  recommended 
program  on  soil  losses p applicable  research  data  of  experiment  stations 
in  lexas  and  Oklahoma  and  information  developed  in  the  conservation  needs 
study  1/  were  usedo 

Ihe  percentage  of  physical  reductions  in  soil  lossp.due  to  the 
recommended  program  is  shown  by  creek  watersheds  in  table  I4.60 

Farm  Incomes  Changes  in  land  use  and  increases  in  yields  under 
the  recommended  program  will  result  in  an  average  annual  benefit  (through 
increased  receipts  or  decreases  in  expenses)  of  |5s85U»056  annuallyo 
Ope  rating  costs  (decreased  receipts  and  increased  expenses)  will  be 
$lp609fl35^  annuallyo  In  additions  land  owners  and  operators  will  be 
expected  to  expend  the  equivalent  of  1282 5676  annually  for  the  applica= 
tion  and  maintenance  of  the  land  treatment  and  stabilizing  measures© 

Effect  of  the  Recommended  Program  on  Farm  and  Ranch  Operating  Units; 
The  following  three  adjustments  normally  take  place  on  all  farm  and  ranch 
operating  units ° (l)  Retirement  of  some  land  from  cultivation  to  pasture p 

(2)  installation  of  suitable  meohnical  structures  and  vegetative  adjust^ 
ments  on  cropland  and  grasslands  and  (3)  adjustments  in  livestock  numbers 
on  grassland  in  accordance  with  long°time  range  grazing  capabilities  © 

These  adjustments  and  measures  involve  limited  organization  changes© 
Substantial  crop  and  pasture  yield  increases  will  result  from  the  pro= 
gramp  with  a corresponding  increase  in  livestock  numbers  in  all  the 
problem  areas  in  soil  conservation© 

The  benefit  to  be  expected  will  exceed  the  cost  of  the  program  to 
land  owners  and  operators  in  all  the  problem  areas  in  soil  conservation© 

LOSS  OF  NET  INCOME 

The  annual  loss  of  net  income  in  the  pool  areas  of  floodwater 
retarding  structures  was  determined  for  each  sample  watershed  where 


1/  Made  by  the  Soil  Conservation  Service  in  19^9° 
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Table  I460  Estimated  Percentage  Reduction  in  Annual 
Soil  Loss  Due  to  the  Recommended  Land  Treatment 
and  Stabilizing  Measures 

San  Antonio  River  Watershed,  Texas 


Creek  or  Section  of 
River  latersheds 

c 

Percent  Reduction  in 
Annual  Soil  Loss 

Upper  San  Antonio 

28o2 

Lower  San  Antonio 

28ol 

Upper  Cibolo 

19-5 

Lower  Cibolo 

27.1+ 

Upper  Medina 

18o4 

Lower  Medina 

25o8 

Ecleto  Creek 

27o3 
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retarding  structures  were  recommended o Interest  at  rates  of  four  and 
two  and  one^half  percent  were  applied  to  the  costs  of  privately  owned 
sites  and  publicly  acquired  sites ^ respectively o Water  values  were 
calculated  by  multiplying  one-=half  of  the  permanent  pool  capacity  in 
acre-feet  by  a nominal  value  ($lo00)  per  acre-footo  The  value  of  the 
water  impounded  and  interest  on  the  cost  of  site  acquisition  were  deducted 
from  the  loss  in  income o 

The  annual  loss  in  net  income ^ after  deduction  of  interest  and 
water  values » was  added  to  the  other  costs  of  floodwater  retarding 
structures  and  totaled  118^719  (195.0  prices)  for  the  watershed© 

NON-MONETARY  BEIIEFITS 

Values  were  not  placed  upon  such  benefits  as  enhancement  of  recre=> 
ational  values ^ increased  food  and  improved  shelter  for  wild  fowl  and 
game  animals g improved  public  healthy  and  increased  security  from  flood 
hazards©  These  items g although  they  are  significantly  affected  by 
reduction  of  flooding  and  are  highly  important  in  the  economy  of  the 
watersheds  are  not  accurately  measureable  in  monetary  terms© 

COMPARISON  OF  BENEFIT  AND  COST 

The  average  annual  cost  of  the  recommended  program  is  |2,197pU0T° 
Installation  costs  of  the  recommended  program^  other  than  the  construction 
costs  of  floodwater  retarding  structures g were  converted  to  annual  costs 
by  using  a two  and  one-half  percent  interest  rate  for  public  costs  and  a 
four  percent  interest  rate  for  private  costs©  The  construction  costs  of 
floodwater  retarding  structures  were  amortized  over  a 75“y®9.r  period 
using  the  same  interest  rates  as  above©  Table  39s  Appendix  V and  table 
I4.7  set  forth  the  cost  distribution© 

The  average  annual  benefit  from  the  recommended  program  will  be 
|6g28li.g701  at  1950  prices g of  which  $5s85Up056  will  be  conservation 
benefits  to  land  owners  and  operators©  The  benefits  are  summarized  by 
groups  of  measures  and  by  creek  and  sections  of  river  watersheds  in 
table  I1.8©  Damage  estimates  from  which  these  estimates  of  benefits  are 
derived  are  suimarized  in  table  35 p Appendix  IV© 


Estimates  of  damages  and  benefits  in  this  appendix  have  been  made 
on  the  basis  of  prices  in  1950^  "thQ  latest  full  calendar  year  for  which 
prices  were  available©  Since  1950  was  a year  in  which  prices  were  under- 
going considerable  adjustment g the  1950  benefits  and  costs  herein  have 
been  factored  for  the  purpose  of  comparing  benefits  and  costs  of  the 
recommended  program  at  a predicted  normal g based  on  an  assumed  high  level 
of  employment©  ^he  factors  were  determined  and  used  as  follows s 
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2/  Annual  loss  in  net  income  in  structure  sites 
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Table  L1.80  Summary  of  Annual  Benefit 1950  Prices ^ 
from  the  Recommended  Program,  by  Creek 
and  Section  of  River  Watersheds 

San  Antonio  River  Watershed 5 Texas 


Creek  and  Section  of 
River  Watershed  and 
Type  of  Benefit 

i Land 

s Treatment 
s and 

^Stabilizing 
i Measures 

s Floodwater 
s Retarding 
? Structures 

0 0 

0 0 

0 0 

0 0 

s Recommended; 
s Program  s 

Floodwater 

Retarding 

Structures 

Only 

(dollars ) 

(dollars) 

(dollars) 

(dollars ) 

San  Antonio  River  Watershed 

Reduction  of  Damages 

98.U90 

217,60i+ 

316.09J+ 

285,360 

Intensified  Use  of  Flood 

Plain  Lands 

= 

llU.551 

lll+,551 

nl+.55i 

Conservation  Benefits 

5.85U.056 

5.85I+.056 

= 

Grand  ^otal 

5,952»5ij6 

332,155 

6.28l+,701 

399,911 

Upper  San  Antonio 

Reduction  of  Damages 

15 « 145 

43.572 

53,717 

58,615 

Intensified  Use  of  Flood 

Plain  Lands 

•= 

3U.i+09 

3i+,l409 

31+.1+09 

Conservation  Benefits 

1,681,088 

1,681,088 

Main  Stem  Benefits  1/ 

l.h23 

12,509 

191932 

15. 081+ 

Total  Benefits  ” 

1,703,656 

90,14.90 

1,79U,i46 

108,106 

Lov;-er  San  Antonio 

Reduction  of  i^amages 

Ii,758 

21.U51 

26,209 

25,017 

Intensified  Use  of  Flood 

Plain  Lands 

26,602 

26,602 

26,602 

Conservation  Benefits 

1,296,280 

<= 

1,296,280 

Main  Stem  Benefits.!/ 

8,002 

5,787 

13,789 

7,031+ 

Total  Benefits 

1,309,01+0 

53,81+0 

1,362,880 

58,653 

Upper  Medina 

Reduction  of  Damages 
Intensified  Use  of  Flood 

977 

“2/ 

977 

“2/ 

Plain  Lands 

=. 

Conservation  Benefits 

176,222 

176,222 

= 

Main  Stem  Benefits  l/ 

= 

c= 

Total  Benefits 

177,199 

0 

177,199 

0 
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Table  I4.8  ( continued)  o Summary  of  -Annual  Benefits  a 195^  Prices  a 
from  the  Recommended  Programa  by  Creek  and 
Section  of  River  Watersheds 

San  Antonio  Piver  Watershed j Texas 


Creek  and  Section  of 
River  Watershed  and 
Type  of  Benefit 

s Land 

s Treatment 
s and 

sStabilizing 
g Measures 

s Floodwater 
g Retarding 
s Structures 

0 

0 

g Recommended 
g Program 

0 

0 

g Floodwater 
g Retarding 
g Structures 
g Only 

( dollars ) 

(dollars) 

( dollars ) 

(dollars ) 

Lower  Medina 

Reduction  of  l^smages 
Intensified  Use  of  Flood 

8.298 

11.378 

19.676 

17.125 

Plain  Lands 

5.J+02 

3,h02 

5.402 

Conservation  Benefits 

985p225 

985.225 

- 

Main  Stem  Benefits  l/ 

5.595 

3.692 

7.28? 

2,910 

Total  Benefits  ” 
Upper  Cibolo 

997  *>118 

20.U72 

1,017.590 

25,437 

Reduction  of  Damages 
Intensified  Use  of  Flood 

265 

= 2/ 

265 

“2/ 

Plain  Lands 

= 

Conservation  Benefits 

112.835 

112.835 

=■ 

Main  Stem  Benefits  l/ 

2.50U 

2.3011 

■= 

Total  Benefits 

115 .1*01* 

0 

115,!+o1* 

0 

Lower  Cibolo 

Reduction  of  Damages 
Intensified  Use  of  Flood 

38«28li 

90.7U7 

129.051 

127.222 

Plain  Lands 

29.176 

29.176 

29,176 

Conservation  Benefits 

I.IU9.075 

= 

1.149,075 

Main  Stem  Benefits  l/ 

U.526 

6.176 

10,702 

8,312 

Total  Benefits 

1.191,885 

126.099 

1.317,984 

164,710 

Ecleto 

Reduction  of  Damages 
Intensified  Use  of  Flood 

2.687 

16,6014. 

19.291 

19.566 

Plain  Lands 

18,962 

18,Q62 

18,962 

Conservation  Benefits 

1>53.331 

455.331 

= 

Main  Stem  Benefits  l/ 

2,226 

5,688 

7.914 

4.675 

Total  Benefits  ~ 

U58.2W+ 

hl>23k 

499,498 

43.003 

1/  Main  stem  benefits  allocated  back  to  creek  and  section  of  river  water = 
sheds  o 

2/  Floodwater  retarding  structures  not  recommended  at  this  timOo 
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lo  A standard  prices^received^by^famers  factor  for  each  crop  and 
for  livestock  was  obtained  by  division  of  the  predicted  normal 
level  index  by  the  corresponding  1950  indexo.  The  factors  thus 
obtained  were  applied  to  1950  values  of  all  commodities  pro<= 
duced  in  calculating  conservation  benefits  through  increased 
farm  receipts  and  in  calculating  operating  costs  through 
decreased  farm  receipts o 

2o  The  prices^received^by^farmers  index  was  developed  for  each 

sample  watershed  by  weighting  the  1950  index  for  each  commodity 
by  the  quantity  produced  in  each  sample  watershedo  A correspond- 
ing predicted  normal  index  was  developed  for  each  sample  water = 
shed  and  the  factor  derived  by  division  of  the  normal  index  by 
that  for  1950  was  used  in  adjusting  the  crop  and  pasture  damage 
and  the  damage  from  flood  plain  scour  0 It  was  also  used  for 
measuring  the  benefits  from  more  intensified  use  of  flood  plain 
land So 

■5o  The  standard  used  for  prices  paid  for  items  used  in  production 
by  farmers  was  an  index  of  2l|.6  (I9IC  - II4.  “ lOO)  for  1950°  The 
index  of  the  predicted  level  of  205  (1910  ° II4.  .=  100)  o Therefore 
205/2lj.6  or  O08533  the  factor  used  to  adjust  1950  prices  to 
the  predicted  level o ^his  factor  was  applied  to  Other  Agricul= 
tural  damages p to  private  costs  of  installation  and  maintenance 
of  the  recommended  program  and  to  costs  of  farm  and  ranch  opera- 
tiOHo 

I4.0  The  standard  used  for  construction  costs  was  the  Engineering 

News  Record  index  for  1950  which  was  513  (1913  “ 100) 1 the  index 
of  the  predicted  level  was  I42I4.0-  Thereforep  Ij2l4./513  or  O08265 
was  the  factor  used  to  adjust  1950  prices  to  the  predicted  level o 
This  factor  was  applied  to  all  benefits  derived  from  a reduction 
in  damage  to  nonagricultural. property  and  in  adjusting  construc- 
tion costs  of  the  flood  prevention  measures  to  normal  prices o 

5o  ^he  standard  used  for  indirect  damages  was  an  index  of  I425  for 
wage  rates  in  1950o  The  index  of  the  predicted  level  was  5^0| 
therefore  p 36O/I425  or  0o8lj.71  was  the  factor  used  in  adjusting 
indirect  damages  to  predicted  normal  priceso 

60  It  was  believed  that  Federal  salaries  and  travel  costs  would 
decline  less  than  ordinary  wage  rates  so  a factor  of  Oo9235 
was  used  to  reduce  the  costs  of  technical  services  to  the 
predicted  normal  level©  ^his  represents  one-half  of  the 
predicted  decline  in  wage  rates© 

Comparison  of  Average  Annual  Bep^efit  and  Gpst 

Comparison  of  the  average  annual  benefit  with  the  average  annual  cost 
of  the  recommended  program  under  normal  prices  provides  the  economic 
evaluation  of  the  program© 
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The  ratio  between  the  benefit  ( |1;,673 s^9l)  and  cost  ($ls650aS89) 
of  the  land  treatment  measures  is  2o83-slo00o  The  ratio  for  the  flood= 
water  retarding  structures  of  benefit  and  cost  of  $179^2814. 

is  I0I4.3SI0OO0  The  ratio  for  the  entire  recommended  program  of  |I).s9295058 
benefits  to  |l,83l^J05  costs  is  2o69?1o00o  a summary  and  comparison  of 
benefit-cost  ratios  of  the  recommended  program  is  shown  in  table  I4.90 

Comparison  of  the  Effect  of  Discounting  Delayed  Benefits  and  Costs 

There  are  certain,  types  of  benefits  and  costs  resulting  from  the 
recommended  prcjgram  which  will  be  delayed  until  treatment  measures  became 
fully  effecti¥eo  In  this  analysis^  therefore^  such  benefits  and  costs 
were  discpuated  to  allow  for  this  lag  in  effectiveness o 

Discounting  Benefits  and  Costs  of  the  Recommended  Programg  It  was 
assumed  that  benefits  from  intensified  use  of  flood  plains^  conservation 
benefits  and  floodwater  damage  reductions  resulting  from  the  application 
of  land  treatment  and  stabilising  measures g would  be  delayed  an  average 
of  five  years o A similar  delay  would  be  applicable  to  farm  and  ranch 
operating  costs ° It  was  also  assumed  that  each  of  these  benefits  and  costs 
would  start  at  zero  and  build  up  uniformly  to  the  maximum  over  the  period 
of  delayo  They  would  then  level  off  and  remain  constant  thereafter o 

Benefits  Not  piscountedg  Benefits  from  reductions  in  damage  re suit -» 
ing  from  the  installation  of  floodwater  retarding  structures  will  become 
fully  effective  immediately  upon  installation  and  therefore g were  not 
discountedo 

Effect  of  Discountings  Discounting  deferred  benefits  and  costs 
from  recommended  land  treateient  and  stabilizing  measures  decrease  their 
benefit“9pst  |"atio  (normal  prices)  from  2.083 si  to  2o79olo  The  benefit^ 
cost  ratio  for  floodwater  retarding  structures  is  reduced  from,  lo43§l 
to  lohlslo  The  benefit “Cost  ratio  for  the  recommended  program  decreases 
from  2 069 si  to  2o65slo 

METHODS  OF  DETEMIHING  VALUE  OF  ACTUAL  BENEFITS  FROM  REDUC  = 

TIONS  IN  FLOOD  AND  SEDIMENT  DAMAGE 

Floodwater  and  sediment  danages  were  calculated  under  conditions 
which  will  prevail  before  and  after  the  installation  of  each  group  of 
measures  of  the  recommended  programg  as  described  in  Appendix  IVo  The 
difference  in  annual  damages  at  the  time  of  initiation  of  a group  of 
measures  and  those  expected  after  its  installation  constitute  the  benefit 
of  that  group  from  reduction  of  damage o 

Benefits  from  reduction  of  crop  and  pastureg  other  agricultural  and 
road  and  bridge  damage  were  estimated  from  the  combined  effects  of  reduc“ 
tion  in  area  inundated  and  in  depth  of  inundationo  No  benefits  were  , 
estinated  for  pool  areas  of  recommended  floodwater  retarding  structures® 
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Benefit  from  reduction  of  sediment  damage  to  Medina  reservoir  was 
calculated  from  an  estimate  of  the  reduction  in  the  quantity  of  sediment 
that  would  be  deposited  annually g Appendix  IVo  It  was  estimated  that  the 
deposition  in  Medina  Lake  would  be  reduced  10o2  acre=feet  annually  by 
the  recommended  programo  This  is  a reduction  of  approximately  I4.  percent 
and  the  benefit  from  installation  of  the  recommended  program  would  be 
$858911-  X OoOli.  or  $355° 

Benefits  from  the  reduction  of  crop  and  grassland  dam ge 5. valley 
sediment  damage g flood  plain  scour  damage g other  agricultural g nonagricul=> 
tural  damage  to  county  roads  and  indirect  damage  derived  from  each  group 
of  measures  were  determined  directly  by  analysis  of  sample  watersheds® 
Expansion  to  other  areas  was  carried  out  as  discussed  in  Appendix  IVo 
Other  benefits  from  reduction  of  damage  were  evaluated  on  a creek  water=> 
shed  cr  a section  of  the  river  watershed  basis o 

, Table  50  shows  the  average  annual  benefit  from  reduction  of  damage 
in  the  Calaveras  Creek  sample  watershed  and  table  5I  gives  similar  infor^ 
mation  for  the  Lower  Medina  River  Watershed© 

The  benefits  by  creek  watersheds  were  added  to  obtain  the  total 
for  the  watersheds  table  I4.50 

Method  of ^ Determining  Benefits  on  the  Main  Stem 

Benefits  from  the  reduction  of  crop  and  grassland  damage g flood 
plain  scour  damagOg  other  agricultural  damage g valley  sediment  damageg 
nonagricultural  and  indirect  damage  derived  from  each  group  of  measures 
were  determined  directly  by  analysis  of  main  stem  stream  reaches  (Appendix 
IIl)o  benefits  were  then  prorated  back  to  the  creek  watersheds  on 

a percentage  basis  in  proportion  to  their  contribution  to  flood  flows® 
Table  I4.8  shows  a summary  of  min  stem  benefits  prorated  to  creek  or  sec^ 
tion  of  river  watersheds© 

METHODS  OF  DETERMINING  ANNUAL  BENEFIT  FROM  INTENSIFIED  USE 

OF  THE  FLOOD  PLAIN 

More  intensive  agricultural  use  of  bottomland  soils  will  be  mde 
possible  by  the  reductions  in  extent  and  frequency  of  flooding  resulting 
from  the  recommended  floodwater  retarding  structures©  More  intensive 
agricultural  use  will  be  possible  on  two  general  types  of  areas© 

The  first  type  consists  of  the  flood  plains  of  small  creeks  below 
floodwater  retarding  structures g which  will  receive  a high  degree  of 
protection  from  flooding©  A large  percentage  of  such  areas  will  become 
suitable  for  more  intensive  use©  The  second  type  consists  of  portions 
of  the  flood  plain  along  those  larger  tributaries  where  a substantial 
degree  of  protection  will  be  provided© 

Present  flood  plain  use  was  determined  by  detailed  investigation  of 
sample  watersheds©  ^he  location  and  extent  of  the  areas  which  would 
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Table  50°  Summary  of  Benefits  from  Reduction  of  Flood 
Damages » 1950  Prices ^ Calaveras  Creek  Sample  Waters 

shed 

San  Antonio  ^^iver  "pitersheds  Texas 


g 

e> 

D 

0 

% From  Recommend- 

0 

o 

§ 

8 ed  Land  Treat= 

0 

o 

From 

p 

0 

Sample  and 

8 ment  and 

8 

Floodwater 

p 

0 

Source  of 

8 Stabilizing 

o 

o 

Retarding 

8 Total 

Benefit 

8 Measures 

o 

Structures 

o 

D 

(dollars) 

(dollars) 

(dollars) 

Calaveras  Creek 


Crops  ap,d  Pasture 

655 

2.338 

2.993 

Flood  Plain  Scour 

U02 

1.213 

1.615 

' Other  Agricultural 

1.155 

ii.581 

5.73U 

Npna^ricultural 

I4.91 

2.230 

2,721 

Valley  Sediment 

57 

172 

229 

Indirect 

517 

1.211 

1.528 

Main  Stem 

1.213 

I+.776 

5.989 

total 

U.288 

16.521 

20,809 

162 


Table  51°  Suminary  of  Benefits  from  Reduction  of  Flood  Damage Sp 
1950  Prices s Lower  Medina  River  Watershed  l/ 

San  Antonio  River  ifl^tershed,  Texas 


Sample  Watershed 

sFrom  Recommended 

0 0 

gFrom  Floodwaterg 

and  Source  of 

iLand  Treatment 

g Retarding  s Total 

Benefit 

gand  Stabilizing 

g Structures 

g Measures 

g g 

(dollars)  ' (^dollars)  (dollars) 


Calaveras  Creek  2/ 


Crops  and  Past'ure 

962 

2,265 

3.227 

Flood  Plain  Scour 

590 

1.175 

1,765 

Other  Agricultural 

1.69k 

k,k38 

6.132 

Nonagri cultural 

721 

2,160 

2,881 

Valley  Sediment 

Qk 

167 

251 

Indirect 

I4.66 

1.173 

1.639 

Total 

k.517 

11.378 

15.895 

Salado  Creek  2/ 

Crops  and  Pasture 

937 

537 

Flood  Plain  Scour 

212 

=• 

212 

Other  Agricultural 

1,091+ 

1.091+ 

Nonagri cultural 

1.398 

1,398 

Valley  Sediment 

3h 

3h 

Indirect 

393 

<=> 

393 

Total 

3.668 

3.668 

Cibolo  Creek  2/ 

Crops  and  plTsture 

U3 

U3 

Flood  Plain  Scour 

5 

5 

Other  Agricultural 

35 

=, 

35 

Nonagricultural 

20 

- 

20 

Valley  Sediment 

<= 

= 

= 

Indir  ect 

10 

10 

Total 

113 

113 

Creek  Watershed  Total 

Crops  and  Pasture 

1.5142 

2.265 

3.807 

Flood  Plain  Scour 

807 

1.175 

1.982 

Other  Agricultural 

2p823 

U.U58 

7.261 

Nonagricultural 

2.139 

2,160 

I+.299 

Valley  Sediment 

118 

167 

285 

Indirect 

869 

1.173 

2,0!+2 

Total 

8p298 

11.378 

19.676 

1/  Source  of  datag  Table  3Us  Appendix  lYo 
2/  Sajnple  watersheds  useti  in  expansiono 
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be  suitable  for  more  intensive  use  after  installation  of  flood-water 
retarding  structures  were  determined  in  the  following  manners 

lo  Hydrologic  analysis  of  the  effect  of  the  installations  on 
frequency  of  flooding o 

2o  Study  of  soil  conservation  survey  data  to  ascertain  the  suit- 
ability  of  protected  lands  for  more  intensive  useo 

5o  Land  o-wners  and  operators  in  the  sample  watersheds  were  inter  =■ 
viewed  to  determine  what  changes  in  land  use  they  would  make 
if  flood  protection  were  providedo. 

The  increased  intensity  of  land  use  to  be  expected  on  the  protected 
areas  is  as  followss 

lo  Most  of  the  present  meadow  and  idle  land  would  be  used  for 
cropland o 

2o  Portions  of  the  land  now  used  for  pasture  would  be  converted  to 
croplando 

3o  Portions  of  the  woodland  now  used  for  pasture  would  be  cleared 
and-' (developed  into  improved  pasture  and  croplando 

It  was  assumed  that  the  percentages  of  cropland  used  for  various 
crops  would  be  approximately  the  same  as  at  presento  It  -was  assumed  that 
intensification  of  land  use  would  be  confined  to  the  portion  of  the 
flood  plain  which  -would  be  flooded  less  frequently  than  once  in  three 
years  after  installation  of  the  recommended  programo  As  an  example ^ in 
Calaveras  Qreek  %tershed  it  is  expected  ihat  15  percent  of  t he  pasture 
would  be  converted  to  cropland  while  in  Escondido  and  Santa  Clara  Creeks 
lt-0  percent  and  12  percent^  respective ly^  ->were  considered  the  amounts 
-which  would  be  converted o 

In  the  calculation  of  benefits  the  average  annual  gross  value  of 
the  prod-qotion  in  the  area  protected  was  determined  both  for  present  land 
use  and  for  future  conditions ^ assuming  that  no  changes  would  occur  in 
the  per  acre  yieldso  ^osts  of  production  -were  based  on  experiment  station 
data  including  machinery  expense^,  labor  (-adiether  performed  ty  the 
operator  and  his  family  or  by  hired  labor)  and  an  added  charge  for  taxes o 
Overhead  and  clearing  costs  -were  deducted  from  the  gross  return  to  obtain 
the  net  ipcrease  in  value  of  annual  production o The  expected  annual 
damage  by  floods  to  the  increased  damageable  value  after  installation  of 
the  recommended  program  was  deducted  from  the  net  incnme.  in  determining 
the  net  benefit o ^he  net  benefit  -was  multiplied  by  the  appropriate 
conversion  factor  for  the  area  to  determine  the  benefit  under  predicted 
normal  price  levels o 

METHOD  OF  DETEEMIHING  C0NSEK7ATI0N  BENEFITS 


Ihe  land  treatment  and  stabilizing  measures  of  the  recommended  pro- 
gram  -will  be  applied  to  the  agricultural  land  in  the  San  Antonio  River 


'■  ' ' "'•W'l': : '■'  ■;«i:  '■:  slii^ 


•*••■;  'V':  I 


. _ ■ ' '■  ■'  - ' ' * ■'■ 


. > • 

* '-T  .. 


.. , . , „ 'vS 

:^^v:  ;■ ' , ■ '^: ^ :■ : 1 

jM-  ■...-/;  ^;'^-'^■:/■  ' ’ .:■  ii-,'  ^ ' ' ' y,Vr'-- .'*H 

’ .:^• ;.  v^f  .;>.'■  ';v  wt'.^  « v ' ’V  i A,  V 

' ^V'v^yy  ■-  y' ' .v/ /■■  - 'v.,’''^■’yy''  '^'•-'/^'..yi;'''' 

■■■'■.  ^ ..  -■■«.%i',!%F-"  i 

V . ^vK:!y:y^r-vy  y yb^iyi?^  '-  " 1 

...  ■-,..  ; -'^y  '■.'  ■ ., ./  v/Vy' ys^yy:.'' ■ ■•y^%.| 

■ '■•K  ''  V ■ ■'  ' ; ■ / ■'  , yAy'^^’■y'y''•y’M  ' ;..y,  > ■ .«  M .,„vy  yyi.  '■■■  i 

y ,' >y';  i ^ ■'  '^yj 

'.ys^yb  yyy  yviy.'b  " 

:'’  •.-,  ’.  '■  . /y-.^yb- -yy  y- -w’-wb^'J "bbi-My^P 


■ -'  ■v/Ibl  ; 


■-..  :t: 


• '-4>;»i  y y'|;.  ^ y«rt ' yy 

■ ■ V - • . > . ,''  ■'  y ',  * ■ A .Vi'-  ".-rt . 


yy-y ' ■'  '■;  .-'•’ -b^f'' ?y.'  - ‘jf  r/y'  ' - ' 

■ ' ':  '■■»  tr  ,«k  ..  -I''  - I' -I 


y ^^y^:.cb^'‘y.j^y-«:f4yy 


' , ^ ■'^x^b 


yy  . % 'i.!- 

;:-,vr>‘>  ,'if:v  <-X.y  ■:.;  ,'  . - 


'r 


•'■  ■ " ; V .V  y, 


. ' ' y^v 

■.  .-^  ,y’  -iby'  by ^ 

, , y , ■ ^byfe;ti«i:yfcn^-^y 

: y : b.  ,.y.  'by ;■'■•■-■. , b,'y:’-  ■■’r^^:.:b.bvy^^^yy#  r 

'-.y  ■'■lX:.::y-  • '>vf^?^bvi*tbyyy h\ 

'■■'■^'y-'  ••■y’y  y'' 

'■  .yv-^  y .-t.b  • -:vy  bb 


:-'J  51:4 .'>/■■  y.  y 

■'  .:  i.t-y  by... 

■ -.j  .-■-■■■'■■',;"■ .' ' yy  '■ ' ■ .■'''■^'.’'yy^^/vy.. ,:  ■ ■ : ■ 

' ''  ■ ' '.-  ^ 'y' ■ \ '.  .,  yjy  y . ' "yyy>£'y^i^s^ 

•.  '•'■  ..  . ^..  ' . ^ ' '.  ..^' ., . • . .'  y.:  r.y^v  y^7Cr&5??SS\l^ 


ic '■  t •' . , y 'y  y""  ’■.; ' yii-c 


:--y.  .■■ : sy:  ' ;y. 


y ;>iiy  y .i«y.y.x,i-i'.y  -'.yG.^  :A/.bf.-L.i?rc 


■ '.  yy..-.-  'dy-  ;bb.t7-  ■•  V''''  '’' '' 

■ ■-:yv’'  y ,>■■.??■.  vyy.’br^y'-yi.':;;^  ^ 4y>irbyy-5T''  =^y 

. .,  . ,:/:■'■  ^ yb  .£.:•  Pry-,y.bS 

■-:^y::.U>"  *'  ’'>'yHy  ■ * .-  b ^ b'/y  y'5)-cr : -Py*:,'/^^ 

-■■  'f.  ; i,'  ■'!..■  , ■ '• « 'j  t- y*>r 

: a.^^ryyy^by  y^yyyv^a.!'^'  ::;l‘-y-.:'  r^  '.  -..y.y  y,'-,  ?;>  . "'x  ^y’y;y-y>' ■ 

''-’by' ,.  •■  ?■ . .y'y/yb;;*ryyy^';-’'^  '•••  --iv  ■ •'•/•■ " y 'y.r-.tv-  '_ ■•  .b  b^-y-'- • 


i 


>'V  ^ > ' - •''*;...  . 

/ t . • * • ■ • . • .-/, 


'w  ^.. 

■ y ,>„;i  fl*( 

■ •/  y ■ ’.y  ■ 

ybiy^yy;?-  yb-iV. 


yyy^-:  yb^ 


:vy4y;p>-C'..y  ^^yy'..- .■•;  ; 


. . . . ■., ., : '...  'yy.  bHt^» 

b . ;vy-y,  b-^'' ‘’’^ 


■■y-b>'.  y -■/  : , • ^^y/■■vvv ■ ;y<.y  I';. 

^y-y"'.  -i  y-.;  : yyy^'  byy^,  .-y,  . . x- '' 'y;^^-^ 

. :iyv!xf‘  »•  •/■■_  '.  ..;y<^  • '-yi.:  .bb  yl,  'b  ’ y»f  ..  y '" ' • ■^b 

b;t.'  ^'*i'Wyy:,y,  i.^yy  y;-by^;^,yf^ify 

■"■’  bi-  b •'  "y-  b $fi^,*'by-=b'-|b.'''b  b;  ^y.yi  .,-y'  "Iby  ’'-u' 

■'  fy-...,byb-:,y:,:.&y;r?y b ■>.■  bbb’yy  . y y . v>;T.vy ,X4<’^ 

' 'b^'  bb.;b' b''-' 'by;,^'r'|xy>#y; :' ’^by!  ^ 

■ ' ■ r^^yibby^y'  n.  ^ 


'■ybb^y^try 


, \ 


...y.  ■'■■■  V'"'  ' • ' r'..:',  y'v  bb'b.'  b ■'■ 

■ vx  ;J;:;by'f  '^b'bbbyibb^i^ 

b''. '’"'yb . .-'y'b^^-'  ■ y-:'^’  '''b  byy  y •'  y ■'■■'bb.,'-  ' ' '’-yb'y  -yy'yy^^^^ 


yi;bb.yb- 


'■i  : ■.  : 


16U 


Watershedo  Since  approximately  96o5  percent  of  the  total  acreage  is 
operated  under  a farm  or  ranch  economy^  the  effect  that  the  program  will 
have  on  agricultural  income  must  be  consideredo  A comparison  of  the  crop 
and  grassland  production  and  agricultural  income  from  each  problem  area 
in  soil  conservation  was  made  for  the  future  with  the  recommended  program 
and  for  the  future  without  treatment  to  facilitate  the  evaluation  of  the 
effects  of  the  programs 

The  differences  in  net  income  and  cost  revealed  by  this  analysis g 
including  the  cost  of  installation  and  maintenance  of  the  measures g serve 
as  the  basis  for  determining  conservation  benefit  and  cost  of  the  land 
treatment  and  stabilizing  raeasuress  An  increase  in  gross  income  or  a 
reduction  in  costg  resulting  from  land  treatment  and  stabilizing  measures 
was  regarded  as  a benefit o If  application  of  the  remedial  program  re<= 
suited  in  reduced  gross  income  or  increased  costj,  the  difference  was 
claased  as  a cost© 

Present  Crop  Yieldsg  The  present  crop  yields  used  in  this  report 
^ are  based  on  field  information  obtained  from  farmers  and  ranchers  and 
qualified  agricultural  technicians ^ and  on  data  from  agricultural  pub- 
licat ions  o 

Present  Ijelds  and  Future  Yields  Without  Land  Treatment  Measures^ 
Improved  seed®  mechanization » increased  emphasis  upon  soil  improving 
practices  and  the  selection  of  high=yielding  land  for  cotton  p»’oduction 
have  distorted  the  normal  trends  of  crop  yields  in  the  watershedo  Usual 
methods  of  yield  analysis  baeed  on  acreage  and  production  show  sharp 
upward  trend?  in  the  yields  of  various  crops  and  sharp  downward  trends 
in  others  o 

In  order  to  rels.te  the  productivity  of  the  watershed  to  the  physi=> 
cal  condition  of  the  farm  landsg  the  results  of  the  soil  decline  study 
made  by  the  Soil  Conservation  Service  were  used©  Land  capability  classes 
are  closely  related  to  t he  crop=producing  ability  of  the  remaining  soil 
and  it  can  be  expected  that  crop  productivity  will  decline  at  a rate 
comparable  with  the  rate  at  Tfthich  soil  losses  are  occurring o However o 
when  continuing  soil  losses  so  reduce  the  productivity  of  the  soil  that 
it  is  no  longer  economical  to  produce  the  usual  cultivated  crops g it  can 
be  assumed  that  the  land  will  cease  to  be  used  for  crop  productions 
• • ! 

As  an  example g in  a large  portion  of  the  Biackland  Prairie  problem 
area  in  soil  conservation  the  present  average  depth  of  remaining  topsoil 
on  cultivated  lands  is  approximately  8 inches o This  type  of  land  has 
a present  average  capability  of  Glass  III  and  is  therefore  suitable  for 
use  as  cultivated  cropland  if  complex  and  intensive  conservation  measures 
are  appliedo  Under  present  cropping  systems  this  soil  is  being  eroded 
at  the  rate  of  l“l/2  inches  in  15  years o #ien  the  remaining  topsoil 
depth  is  reduced  to  about  5 inches g this  kind  of  land  will  reach  such  a 
low  state  of  productivity  that  its  most  profitable  use  would  be  for  either 
grass  or  he.y  crops  o The  yield  trend  in  the  future  without  land  treat= 
ment  was  assumed  to  approxiimt e the  trend  or  rate  of  soil  losseso 
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Although  yields  in  the  future  will  decline  without  land  treatment ^ 
for  evaluation  purposes  no  further  decline  was  considered  after  the 
period  of  installation*  This  resulted  in  a conservative  estimate  of 
the  difference  between  yields  in  the  future  without  treatment  and  with 
treatment*  This  assumption  also  eliminated  the  need  for  the  difficult 
adjustment  of  the  lower  portion  of  the  trend  line  to  reflect  the  factors 
of  forced  changes  in  crop  and  cultural  practices o The  trend  of  future 
cotton  yields  which  can  be  expected  under  present  crop  production  prac= 
tices  for  the  Blackland  Prairie  is  shown  in  figure  I4.39 

Future  Yields  with  Land  Treatment  and  Stabilizing  Measure sg  All 
available  evidence  on  the  effect  of  land  treatment  on  yields  was  related 
to  similar  conditions  in  the  watershed*  Several  hundred  historical  yield 
records  l/  were  studied  from  farm  units  in  similar'  problem  areas  in  soil 
conservation  a which  showed  the  effect  of  land  treatment  and  stabilizing 
measures*  These  records  covered  a period  of  from  2 to  6 years  of  treat” 
ment  application  and  maintenance  and  indicated  the  effects  which  could 
be  expected*  It  was  recognized  that  these  records  may  have  included  some 
increases  due  to  superior  management  on  these  farms,  and  the  reported 
increases  were  adjusted  downward  in  cases  they  seemed  unusually  high* 

In  a study  2/  conducted  by  the  University  of  Illinois  Agricultural 
Experiment  Stati°on  in  cooperation  with  the  Soil  Conservation  Service  a 
comparison  was  made  between  contour  cultivation  and  up-and-down  slope 
cultivation  on  the  same  farm*  The  effects  of  management  j,  equipment  and 
soils  were  eliminated  as  far  as  possible  in  this  study* 

The  advantage  in  yield  due  to  contour  cultivation  alone  was  reported 
to  be  12  percent  for  corn,  I6  percent  for  oats  and  17  percent  for  wheat* 

As  these  increases  were  the  result  of  the  application  of  a single  prac- 
tice it  was  considered  that  the  yield  increases  as  shown  in  table  52 
are  conservative  and  reasonable* 

The  amount  of  increase  shown  by  these  records  can  be  expected  within 
a period  of  5 years*  By  the  fifth  year  after  applications  most  land 
treatment  measures  should  have  reached  their  maximum  effectiveness*  T^g 
percentages  of  increase  shown  in  the  study  referred  to  were  applied  to 
present  yields  to  determine  the  future  expected  yield  of  the  various 
crops*  Both  present  and  future  yields  of  the  various  crops  are  shown  in 
table  52* 

Pasture  Yields g A study  was  made  of  grassland  in  each  problem  area 
in  soil  conservation  in  the  San  -^ntonio  River  Watershed*  Trends  of  future 
production  with  and  without  the  application  of  the  recommended  program 
were  determined® 


1/  Effects  of  Soil  Conservation  Practices  on  Productions  Region  lY g, 
””  Soil  Conservation  Services  USDAs  Fort  ^''orthg  Texas* 

2/  Sauers  Po  L*  ^Methods  of  Evaluating  Soil  Conservation  Measures s" 
““  page  655s  Journal  of  Farm  Economics,  February s I9h9^ 
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The  present  average  grazing  capacity  or  safe  stocking  rate  expressed 
in  animal  unit  months  of  grazing  and  a future  rate  without  the  recommended 
program  was  developed  for  each  areao  These  data  were  based  on  estimates 
of  range  specialists  and  information  from  field  technicians o Since  range 
and  pasture  deterioration  is  slow^  no  change  was  shown  between  present 
grazing  capacity  estimates  and  future  grazing  capacity  without  the  recom™ 
mended  programo  Table  ^2  shows  these  rates  for  grasslando  The  increase 
in  pounds  of  beef  produced  per  acre  annually  without  harm  to  grass  cover 
is  a measure  of  the  benefit  of  the  remedial  treatment o 


In  analyzing  the  land  treatment  and  stabilizing  costs  and  benefits 
the  problem  area  in  soil  conservation  was  used  as  the  evaluation  unito 
Counties  lying  wholly  or  almost  entirely  within  a problem  area  in  soil 
conservation  were  used  as  sampling  units o Census  data  for  crop  distri= 
bution  were  totaled  for  the  sampling  units  and  from  these  data  the  per-= 
centage  of  cropland  in  each  crop  use  was  calculated  for  major  crops  grown 
in  each  problem  area  in  soil  conservation o The  data  derived  from  problem 
areas  in  soil  conservation  were  then  applied  to  creek  or  sections  of  river 
watersheds  as  shown  in  table  I4.80 


Calculation  of  Changes  in  Agricultural  Incomeg  The  following  infor“ 
mation  was  used  to  calculate  changes  in  agricultural  income  for  each 
problan  area  in  soil  conservations 

lo  Production  per  unit  for  the  various  crop  and  pasture  enterprises 
in  each  areao 

2o  Such  expenses  of  production^  including  overhead  as  well  as  per  unit 
production  costs ^ as  would  be  affected  by  the  recommended  programo 

3o  1950  prices  for  commodities  produced  per  unit^  as  tabulated  belows 


Unit  Prices  of 

Farm  Products ^ 1950  1 

Item  s 

Unit  g 

Prices 

Corn 

Buo 

(dollars ) 

lo2l+0 

Oats 

Buo 

O08IO 

Grain  Sorghum 

Bu  0 

loOlO 

Peanuts 

Lbo 

O0IO3 

Flax 

Buo 

3ol20 

Cotton 

Lbo  2/ 

Oo386 

Forage  Sorghum 

Ton 

I6o220 

Alfalfa  Hayg  Baled 

Ton 

280O2O 

All  Eayp  Baled 

Ton 

16o220 

Beef  Cattle 

Cvrt  0 

2l+<.970 

1/^Division  of  Agricultural 

Statistics B BAEb  USDAa 

-Austin  a Texas  0 

Mid-=month  Average  of  Pric 

es  Eeceiveda  State  of 

Texas  0 

2/  Includes  value  of  cottoL 

seed-0 
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Calculation  of  the  Effects  of  the  Recommended  Program  on  Agricultural 
Production  and  Income 

Without  Recoimnended  Frogramg  Changes  in  crop  and  pasture  yields 
expected  in  the  future  without  land  treatment  and  stabilizing  measures 
were  consideredo  In  most  cases  crop  yields  are  expected  to  decline  in 
the  future  without  land  treatment,  and  this  vras  reflected  in  the  esti“ 
mated  quantities  of  commodities  which  would  be  producedo 

The  acreages  in  each  use  and  the  income  to  be  expected  without  land 
treatment  and  stabilizing  measures  were  adjusted  in  accordance  with  the 
improvements  that  will  result  from  the  continuation  of  the  going  programo 
Only  the  differences  that  would  exist  between  the  going  program  and  the 
recommended  program  were  considered  in  measuring  benefits  and  costs  of 
the  recommended  programo 

With  Recommended  Programs  In  the  future ^ with  land  treatment  and 
stabilizing  measures  applied^  the  land  use  was  modified  to  provide  for 
needed  conversion  of  cropland  or  idle  land  to  pasture o When  retirement 
of  cropland  acreage  to  pasture  was  rscommendeda  all  of  the  idle  land 
within  the  cropland  acreage  was  converted  first o If  the  idle  land 
acreage  was  less  than  the  recommended  cropland  conversion  acreage a 
further  deduction  in  cropland  was  made  and  apportioned  to  the  different 
crops  on  the  basis  of  the  percentage  that  each  crop  acreage  was  of  total 
crop  acreage o Any  changes  in  crop  and  pasture  yields  expected  to  result 
from  the  program  were  applied  to  the  adjusted  cropland  and  grassland 
acreages  o 

C hang e s in  Incomes  The  major  steps  in  the  process  of  calculating 
changes  in  income  in  the  futures  with  and  without  the  recommended  pro= 
grams  were  as  follows^ 

lo  Crop  yields  were  applied  to  the  acreage  in  the  various  crops 
to  determine  the  total  units  producedo 

2o  Livestock  production  per  acre  was  applied  to  grassland  acreage 
to  get  total  productiono 

3o  1950  prices  were  applied  to  all  commodities  for  which  changes 
in  the  quantities  'produced  were  expected o 

I4.0  Production  cost  factors  were  applied  to  each  commodity  for 
which  a change  in  quantity  produced  was  expectedo 

o changes  in  income  and  cost  were  summarized  for  each 

commodity  to  obtain  the  gross  and  net  changes  in  income  and 
cost  o 
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Annual  Installation  and  Maintenance  Costs  of  the  Recoinmended  Program 

Private  installation  costs  occasioned  "by  the  recoinmended  program 
were  calculated  for  each  problem  area  in  soil  conservation  and  were 
converted  to  an  annual  basis  by  multiplying  by  an  interest  rate  of  1+ 
percent 0 Maintenance  costs  of  the  treatment  measures  were  calculated  on 
an  annual  basis o 

Determination  of  Conservation  Benefits  and  Costs 

Annual  conservation  benefits  and  costs  were  determined  by  summarizing 
the  differences  in  gross  income  and  costs  j,  with  and  without  the  recom^ 
mended  programs  for  each  problem  area  in  soil  conservations  table  53° 

In  this  calculation  a loss  in  gross  income  or  an  increased  cost  was 
classed  as  a costs  whereas  a gain  in  gross  income  or  a decreased  cost 
was  considered  a benefit o It  was  assumed  in  these  calculations  that 
100  percent  of  the  farm  land  would  be  included  in  the  participating 
acreage  0 

The  land  included  within  pool  areas  of  floodwater  retarding  struc<= 
tures  is  included  in  this  evaluation  since  evaluation  of  these  structures 
and  actual  detenninat ion  of  their  numbers  is  the  final  step  in  the  survey o 
The  subtraction  of  the  benefits  and  costs  from  watershed  totals  would 
have  had  no  effect  on  the  total  benefit^cost  ratios  and  only  a very  small 
effect  on  the  total  program  costs o 
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APPENDIX  VII 
IRRIGATION 

HISTORY  OF  IRRIC-ATION  DEVELOPMENT 

Early  irrigation  in  the  San  Antonio  River  Viatershed  had  its  beginning 
with  the  founding  of  Spanish  Missions at  the  present  site  of  the  city  of 
San  AntoniOp  early  in  the  18th  Centuryo  Anglo-American  settlement  and 
further  small  scale  irrigation  development  came  after  the  Civil  Ware 
Early  projects  utilized  surface  flow  from  springs  or  spring-fed  streams o 

Large  scale  development  of  irrigation  in  the  San  .Antonio  River  Water- 
shed began  with  the  establishment  of  the  original  Medina  project  by  a 
Dro  Pearson^  an  English  engineer  and  financier o ^he  project  began  as  a 
private  enterprise  which  proposed  to  put  under  irrigation  some 
acres  of  land  in  southwestern  Bexar p southeastern  Medina  and  northwestern 
Atascosa  countie so  Construction  of  the  Medina  Lake  dam.  was  started  in 
1911  1/0  The  storage  damp  diversion  dam  and  entire  distribution  system 
was  completed  in  19114-°  During  the  latter  part  of  the  construction  phase p 
funds  became  insufficient  to  complete  the  project  and  the  project  was 
placed  in  receivership  and  remained  in  that  state  until  1925°  "^he  Medina- 
Bexar-Atascosa  Counties  iJi^ter  Improvement  District  Number  1 was  then 
organized  to  operate  the  projecto 

Shortly  after  the  Water  improvement  District  was  organizedp  boundaries 
were  changed  slightly  from  the  original  project  and  most  of  the  land  under 
the  district  in  Medina  County  was  cleared  and  developed  for  irrigation o 
In  1928g  lands  in  Bexar  County  were  cleared  and  developed  for  irrigationo 
The  approximate  area  of  land  under  Water  Improvement  District  ditch  in 
the  San  Antonio  River  Watershed  at  present  is  about  I3 p200  acres 0 

Irrigation  from  wells  started  in  the  late  1890® s 2/  following  the 
discovery  of  ground  water  under  artesian  pressure o Some  25O  acres  of 
land  near  San  Antonio  were  irrigated  from  artesian  wells  in  1897°  Scatter- 
ed development  followed  and  by  I90I4.  several  artesian  wells  were  furnishing 
water  for  irrigation  in  this  areao 

Pump  irrigation  from  wells  developed  along  with  the  search  for  ground 
water  under  artesian  pressure 0 Many  of  the  irrigation  wells  now  being 
pumped  have  a small  head  of  artesian  flow  but  not  enough  to  be  used  for 
irrigation  without  pumping o 

In  19i+9  approximately  10^370  3/  acres  of  land  in  the  San  Antonio  River 
Watershed  were  irrigated » Of  this~amount  about  9e260  acres  were  irrigated 

1/  Preliminary  Report  of  Bexar-Medina-Atascosa  Counties  Water  Improvement 
District  Niomber  1®  by  Clint  Wo  Bracher  ^ SCSo 
2/  Irrigated  agriculture  in  Texas  by  Wo  Eo  Hughes  and  Joe  Ro  Motheralo 
”3/  Preliminary g 1950  Census  of  Agriculture o 
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by  gravity  flow  from  stream  diversion  and  pumped  wells the  greater 
quantity  of  water  coming  from  pumped  wells o The  sprinkler  method  of 
irrigation  was  used  on  about  IgllO  acres o 

Irrigation  farming  now  centers  around  two  main  types ^ production  of 
commercial  truck  crops  and  diversified  farming o 

WATER  RIGHTS  AND  APPROPRIATIONS 

The  status  of  water  rights  and  appropriations  in  the  San  Antonio 
River  Watershed  was  obtained  from  the  State  Board  of  Water  l-ngineerso 
This  information  is  listed  as  follows? 

lo  Between  May  15  and  September  15  of  each  years  all  normal  stream 
flow  of  the  San  Antonio  River  and  tributaries  is  appropriated 
under  recognized  permits o 

2o  During  the  periods  of  record  192l|.=1928  and  1959“19U8  an  annual 
excess  above  recognized  appropriations  of  some  J4.25s000  acre-feet 
passed  the  Goliad  stream-flow  stationo 

3°  In  1939  this  excess  was  quite  lowg  132aOOO  acre-feetp  and  in 
two  other  years  the  excesses  were  between  200a000  and  300^000 
acre-feet o Several  years g of  course  a showed  tremendous  excesses 
and  the  average  minimum  of  all  years  is  in  excess  of  500s900 
acre-feet o 

I4.0  Generally  speakings  there  is  no  objection  to  the  impoundment 
of  flood  flows  up  to  this  average  annual  excess  providing  sub- 
stantial spill  occurs  from  all  proposed  damSg  or  that  the  design 
of  the  dams  be  such  as  to  pass  water  temporarily  impounded  but 
needed  downstream  from  these  dams  to  meet  recognized  appropria- 
tions o 

INVESTIGATION  OF  SUPPLEMENTARY  IRRIGATION 

During  the  investigation  of  floodwater  retarding  structures g Append! 
ces  III  and  Vg  each  site  was  investigated  to  determine  the  feasibility  of 
providing  additional  storage  for  use  in  irrigation  of  adjacent  croplands o 
Additional  embankment  and  a distribution  system  added  to  the  retarding 
structure  would  make  full  use  of  the  site  and  would  contribute  to  the 
conservation  of  water  supplies  within  the  San  Antonio  River  Watershedo 
The  addition  of  storage  capacity  for  irrigation  uses  on  recommended 
floodwater  retarding  structures  is  feasible  in  many  cases o 

The  following  pages  discuss  briefly  the  procedures  and  factors  used 
in  the  investigation  of  the  feasibility  of  providing  additional  storage 
for  irrigation  purposes o 


Land  Available  for  Irrigation 


Hydrologic  studies  of  the  San  Antonio  River  Watershed  show  that  the 
development  of  adequate  surface  water  supplies  for  irrigation  in  connec= 
tion  with  floodwater  retarding  structures  is  practical  in  areas  similar 
to  the  Calaveras  and  Escondido  Creek  Watersheds o The  discussion  of  soils 
for  irrigation  is  confined  to  these  two  watersheds o 

The  Calaveras  Creek  alluvial  soils  are  usually  deep^  with  moderately 
light  textured  surface  soils  over  permeable  fine  sandy  loam  or  sandy  clay 
subsoils o Soil  profiles g as  a whole ^ allow  easy  penetration  of  roots ^ 
air  and  water  and  free  drainage 9 yet  have  good  available  water  storage 
capacity 9 table  These  soils  are  usually  productive 9 comparatively 

smooth9  present  no  particular  problems  in  water  application  or  coverage 
and  may  be  irrigated  by  furrowa  border  or  sprinkler  methods o Field 
investigations  show  that  alluvial  soils  occur  in  small  tracts o For 
example  9 alluvial  soils  occupy  only  21  percent  of  the  area  for  which 
water  might  be  made  available  for  irrigation  from  floodwater  retarding 
structure  number  9° 

Upland  soils  are  deep  with  loose  sandy  surface  soils  over  heavy 
plastic  clay  subsoils  0 The  surface  12  to  18  inches  of  the  typical 
upland  soil  profile  is  freely  permeable 9 allows  easy  penetration  of  roots* 
air  and  v/ater  and  has  a moderate  available  water  storage  capacity 9 
table  9U0  The  subsoil  portion  of  this  profile*  since  it  is  a heavy  clayg 
is  almost  impervious  to  water  and  not  conducive  to  root  and  air  penetrationo 
This  condition  can  be  greatly  improved  by  including  deep  rooted  legumes 
in  crop  rotations o Due  to  the  open  porous  condition  of  upland  surface 
soils 9 quick  coverage  and  even  distribution  of  irrigation  waters  will  be 
difficult  by  any  method  other  than  sprinkler  irrigationo 

Escondido  Creek  alluvial  soils  are  deep  with  fine  to  medium  textured 
surface  soils  over  slowly  permeable  subsoils o Profiles  as  a whole  take 
water  rather  slowly  but  are  capable  of  absorbing  and  storing  large 
quantities  of  water  in  an  available  form  for  crop  usso  Under=drainage  is 
somewhat  restricted  but  judicious  use  of  irrigation  water  and  the  inclu= 
sion  of  deep  rooted  crops  in  rotations  will  improve  this  conditiono 
These  soils  are  usually  productive g respond  readily  to  good  soil  manage^ 
ment  practices  and  lie  in  such  a position  that  they  can  be  readily  supplied 
with  irrigation  water o 

Upland  soils  are  deep*  fine  textured*  slowly  permeable  and  well 
drained  with  a high  available  water  storage  capacityo  They  are  usually 
somewhat  less  productive  than  adjacent  alluvial  soils  but  will  respond 
readily  to  good  soil  management  practices o Most  of  the  upland  soils 
adjacent  to  floodwater  retarding  structure  sites*  where  water  could  be 
stored  for  irrigation*  are  somewhat  sloping  and  will  require  extensive 
land  leveling  if  gravity  irrigated o ^or  this  reason  it  is  believed  that 
sprinkler  type  irrigation*  which  requires  a minimum  of  land  leveling*  will 
be  the  most  practical  and  economical  for  upland  soils  of  the  Escondido 
Creek  Watershed o 
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Table  Estimated  Available  Water  Holding  Capacities  of 

Alluvial  and  Upland  Soils  by  Sample  If'fe.tersheds 
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Soil  investigations  indicate  that  lands  suitable  for  irrigation  are 
available  in  sufficient  acreages  within  reasonable  distance  from  the 
sites  to  utilize  the  calculated  quantity  of  water  which  can  be  stored  for 
irrigation  in  the  Calaveras  and  Escondido  Creek  Watersheds© 

Crops  Grown  Under  Irrigation 


In  determining  present  types  of  crops  grown  under  irrigation^  in 
the  San  Antonio  River  Watersheds  Bexar  County  was  used  as  a sample© 
Percentage  composition  by  types  of  crops  commonly  grown  under  irrigation 
is  shown  in  the  following  tabulations 


General  Farms 

Percent  of  Total  Acreage 

Crops 

in  Irrigated  Farms 

Cotton 

3oii2 

Corn 

5oU8 

Grain  Sorghums 

3oh2 

Forage  Sorghiams 

6083 

Peanuts 

©69 

Oats  (for  grain) 

6©85 

Oats  (for  pasture) 

3k<.23 

Flax 

2©05 

Clover 

2.7h 

Tame  Pasture  (Johnson  and 

Sudan  Grass)  27olj.0 

Pasture  (native  grasses) 

6085 

Truck  Farms 

Percent  of  Total  Acreage 

Crops  1/ 

in  Irrigated  Farms  2/ 

Beans  (green) 

6 ©82 

Beets 

547 

Cabbage 

10  ©19 

Cantaloupes 

2 ©69 

Carrots 

II0U2 

Cucumbers 

2o95 

Lettuce 

lo39 

Onions  (dry) 

2 ©90 

Peas  (English) 

©78 

Spinach 

6©25 

Tomatoes 

6©30 

Watermelons 

12  ©03 

Other  Vegetables 

32©81 

1/  From  I9I4.9  crop  year  data  = as  shown  in  1950  Preliminary  Census 

for  Bexar  County© 

2/  This  percentage  does 

not  account  for  land  on  which  two  or  three 

” successive  crops  are 

grown  during  one  year© 
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Crop  Yields  Under  Irriration 

It  is  believed  that  most  presently  irrigated  lands  in  the  watershed 
are  adequately  supplied  with  irrigation  water^  except  the  areas  which 
receive  water  from  Medina  Lakeo  Water  supply  to  these  lands  has  been 
very  erratic  due  to  seepage  losses  from  the  lake  and  the  distribution 
systemo  It  is  thought  that  drop  yields  on  lands  supplied  from  Medina 
Lake  would  be  very  similar  to  yields  of  other  irrigated  areas  of  this 
watershed  if  an  adequate  and  dependable  supply  of  irrigation  water  were 
available o Estimated  yields  of  various  crops  commonly  grown  under 
irrigation  in  the  San  Antonio  River  Watershed  are  shown  in  table  55® 

Methods  of  Irrigation  Water  Application 

Conservation  irrigation  has  been  defined  as  follows?  ’’Conservation 
irrigation  consists  of  the  application  and  maintenance  of  practices 
which  will  maintain  and  improve  soil  productivity^  hold  erosion  to  the 
miniimamg  promote  efficient  use  of  rainfall  and  irrigation  waters  pre- 
vent excessive  leaching  of  plant  foods s dispose  of  excess  water  in  an 
orderly  manner  that  will  prevent  erosion  and  prevent  damage  to  the  land 
by  water  logging  or  accumulation  of  harmful  salts o” 

Two  methods  of  irrigation  which  will  accomplish  the  above  objectives 
and  which  appear  to  be  well  adapted  to  the  area  are  level  irrigation  and 
sprinkler  irrigationo 

The  sprinkler  method  of  irrigation  is  probably  the  most  suitable 
for  use  in  supplemental  irrigation  from  surface  water  supplies o Selection 
of  the  method  will  depend  upon  the  wishes  of  the  irrigator  and  a detailed 
survey  of  the  irrigable  land  to  determine  which  system  would  be  the  most 
practical  and  economically  feasibleo 

Surface  Water  Resources 

An  examination  of  figure  11  £,  Appendix  III,  shows  that  the  average 
annual  precipitation  on  the  San  Antonio  River  Watershed  ranges  from 
approximately  27  to  35  inches o Data  contained  in  Appendix  III  indicates 
that  the  average  annual  runoff  varies  v/idely  between  areas ^ due  pri- 
marily to  flow  from  springs  in  the  vicinity  of  San  AntoniOo  Balancing 
spring  flows®  diversions  and  storage  shows  that  surface  runoff  at  the 
principal  gaging  stations  does  not  vary  materially®  as  indicated  in  the 
following  tabulation  l/g 


l/  Report  on  Survey  of  Guadalupe  and  San  Antonio  Rivers  and  Tributaries o 
” Texas®  Corps  of  Engineers®  Department  of  the  Aj»myo 
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Table  55°  Estimated  Average  Yield  of  various  Crops  Grown  Under 

Irrigation 

San  Antonio  Rirer  Watershed,  Texas  l/ 


9 

Crop 

0 

0 

Unit 

s Yield  per  Acre 

.0 

0 

Vegetables 


Carrots 

50  # Bags 

800 

Cabbage 

Tons 

10 

Corn  (Sweet) 

Bushels 

85“100 

Cauliflower 

Dozen  Heads 

550 

Collard  (Greens) 

• Dozen  Bunches 

(Leaf) 

Ip  000 

Beans  (Green) 

Bushels 

220 

Beets 

Bushels 

k50 

Broccoli 

Pounds 

ksOOO 

Potatoes  (Irish  =^l) 

Bushels 

175 

Potatoes  (Sweet) 

Bushels 

300=350 

Parsnip 

Bushels 

Uoo 

Parsley 

Dozen  Bunches 

3p000 

Lettuce  (Head) 

Bushels 

500 

Radishes 

Bushels 

150 

Spinach 

Bushels 

800 

Squash  (large  Commercial) 

Bushels 

U50 

Turnips 

Bushels 

300 

Field  Crops 

Cotton 

Pounds  Lint  Cotton 

500 

Corn 

Bushels 

50 

Grain  Sorghum 

Bushels 

55 

Forage  Sorghum 

Tons 

8 

Peanuts 

Bushels 

ko 

Oats 

Bushels 

50 

Flax 

Bushels 

15 

Wild  Hay 

Tons 

2 

Pasture 

A oU  oM  0 

2h 

Clover 

Pounds  Seed 

600 

1/  Sources  of  Data?  (l)  Henry  Van  De  Walle^  Irrigation  Farmer j,  Bexar 
County o (2)  Mro  ^atep  County  Agents  Bexar  County o (5)  Irrigated 
Agriculture  in  Texas  g Hughes  and  Motheralo  ()4)  Clint  Bracherf,  SCSp 
Uvalde p Texas o 
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stream 


Gaging 

Station 


San  Antonio  River  San  Antonio  55s792 

Falls  City  238p?19 
Goliad  U19  976*4 


Spring 

Flow 

s Surface 

0 

0 

Runoff 

ac  o“ft 0 ) 

( ac  0 “ft  0 

) (inches) 

U8pl00 

5.692 

2 060 

539200 

I85.519 

2»5i  y 

53  9200 

366p56I|. 

2oll  1/ 

1/  Exclusive  of  the  633  square  miles  of  drainage  area  above  Medina 
Reservoir  o 


The  decrease  in  surface  runoff  from  San  Antonio  to  Goliad  is  caused 
by  effect  of  drainage  area  size  and  is  not  the  result  of  lesser  amounts 
of  surface  runoff  in  the  Rio  Grande  Plain ^ since  surface  runoff  normally 
increases  with  an  increase  in  annual  precipitat iono 

The  estimated  ranges  in  surface  runoff  at  their  source^,  as  affected 
by  annual  precipitation^  for  the  various  problem  areas  in  soil  conserva= 
tion  appears  in  the  following  tabulations 


Area 

g Annual  Runoff p Inches 

0 0 

0 0 

s Maximum  s 

0 

Minimxmi  s 

Mean 

Edwards  Plateau 

5oOO=6oOO 

0 o30“0  0I4.0 

Io50“2o00 

Rio  Grande  Plain 

6o00“8o00 

0ol|.o=0o6o 

2o00“3o00 

Blackland  Prairie 

8o00°10o00 

0o50“0o70 

2o50=3o00 

Forested  Coastal  Plain 

7 0 00=8 0 00 

0oU0“0o50 

2o50=3oOO 

The  Medina  Reservoir  is  the  principal  storage  reservoir  in  the 
watershed o Nearly  all  of  the  runoff  above  the  dam  site  is  stored  in 
this  irrigation  pool  and  the  633  square  mile  drainage  area  is  not 
considered  as  contributing  to  downstream  water  supplies o 

Evaporation  losses  from  reservoir  water  surfaces j,  irrigation ^ and 
municipal  uses  have  some  effect  on  the  amount  of  runoff p but  these  effects 
are  small  in  relation  to  the  runoff  from  the  entire  watershed o 

The  monthly  distribution  of  runoff  as  shown  in  table  56  indicates 
that  greater  amounts  of  runoff  occur  in  the  spring  and  fall  months p 
approximately  85  percent  occurring  during  the  growing  season  from  March 
through  November o 
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An  examination  iwas  made  of  the  ground  water  or  base  flow  for  selected 
areas  as  shown  in  table  57°  Surface  runoff  was  separated  from  the 
ground-water  flow  for  the  period  of  gaged  records o The  data  contained 
in  table  57  indicates  that  ground"water  flow  in  Cibolo  Creek  is  approxi- 
mately 19  percent  of  the  total  annual  runoff and  ranges  from  approxi- 
mately 12  percent  in  April  to  39  percent  in  January o These  percentages 
are  considerably  lower  in  the  6-month  period  Apr il-September  than  for 
the  remaining  months  of  the  yearo  Ground-water  flow  is  much  higher ^ 
as  percent  of  total  runoff  at  the  gaging  stations  on  the  San  Antonio 
River g and  is  due  primarily  to  spring  flow  in  the  vicinity  of  San 
Anton ioo  This  spring  flow  amounts  to  approximately  86  percent  of  the 
total  runoff  on  San  Pedro  Creek  and  decreases  to  56  percent  at  the  Falls 
City  gage  and  146  percent  at  the  Goliad  gageo  This  decrease  is  due  to 
the  concentration  pf  the  spring  flow  in  the  headwaters  of  the  San  Antonio 
River g with  essentially  no  further  contribution  below  the  junction  of 
the  Medina  River  and  the  San  Antonio  Rivero 

It  was  considered  that  drought  conditions  prevail  when  annual 
precipitation  is  less  than  85  percent  of  normalo  By  this  criterion  it 
was  determined  that  50  percent  of  the  years g or  33  out  of  66g  were 
droughty  at  San  Antonio o Crop  yields  may  be  approximately  normal  if 
normal  or  above  normal  precipitation  occurs  during  the  growing  seasons 
even  though  annual  precipitation  amounts  may  indicate  droughty  condi- 
tions o The  amounts  of  precipitation  in  the  months  preceding  any  given 
years  and  prolonged  periods  having  below  normal  precipitation  which 
lead  to  critical  shortage  of  water  resources s also  influence  crop 
yields o There fore g annual  precipitation  is  not  a true  indicator  of 
drought  unless  several  climatic  factors  are  evaluated o 

The  year  1917  was  the  most  critical  single  year  at  San  Antonio 
(66-year  period  of  record)  as  precipitation  was  only  37°2  percent  of 
normalo  “^he  period  1909=1911  the  most  critical  3“y®9-r  period p 
with  61 ol  percent  of  normal  precipitationo  Table  l6g  Appendix  Ills 
contains  additional  data  concerning  distribution  of  precipitation  for 
certain  periods  and  at  various  locations o 

The  occurrence  of  the  most  critical  ^-year  drought  periods  during 
66  years  of  record  at  San  Antonio  are  shown  in  the  following  tabulations 


Period 

s Normal 

s Precipitation 

s Below  Normal 
i Precipitation 

s Percent  Below 
§ Normal 

(inches) 

( inches) 

1909=1911 

81o54 

31o72 

38o9 

1897=1899 

81o54 

23o48 

2808  • 

1892=1894 

81o54 

15o7!+ 

19  o3 

1924=1926 

81o54 

I30I3 

160I 

1937=1939 

81o54 

13-38 

16  o4 

The  above  data  indicate  that  five  J>-year  periods  were  at  least  I6 
percent  deficient  in  precipitationo 
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San  Antonio  River  data  materially  affected  by  spring  flow^  diversions  and  irrigationc 

Includes  633  square  miles  above  Medina  Lake  dam  siteo  Source  of  Datag  Uo  So  Geological  Survey  Water 

Supply  Papers© 
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Effects  of  the  Recommended  Program  on  Water  Resources 


Consideration  was  given  to  the  probable  effects  of  the  recommended 
program  on  the  average  annual  runoffo  ^ part  of  the  additional  water 
infiltrated  into  the  surface  of  the  watershed  due  to  the  application  of 
complete  land  treatment  would  be  disposed  of  by  subsurface  movement  to 
streams o Another  part  would  be  percolated  to  deep  ground-water  aquifers o 

It  is  expected  that  in  some  areas  deep  ground-water  reservoirs  will 
be  replenished  within  a few  years  after  the  land  treatment  measures 
become  effective  and  that^  at  that  timeg  the  amounts  of  water  moving 
into  the  ground-°water  reservoirs  will  be  substantially  reducedo 

The  land  treatment  measures  will  improve  the  physical  condition  and 
increase  the  waterholding  capacity  of  the  soilg  which  will  make  addi“ 
tional  infiltrated  water  available  to  plants o It  is  expected  that 
increased  vegetative  cover  will  result  in  higher  transpiration  uses  of 
infiltrated  water o However g this  increase  in  cover  will  provide  more 
shade g litter  and  protection  from  winds g thereby  reducing  the  losses  due 
to  land  surface  evaporationo  These  effects  may  change  the  present 
evaporat ion^transpiration  relationship  but  it  is  the  opinion  of  leading 
hydrologists  that  the  increase  in  transpiration  will  be  offset  largely 
by  a decrease  in  evaporationo  The  net  change  in  average  annual  water 
yieldg  the ref  ore g would  be  small o 

Table  58  shows  a summary  of  the  effect  of  the  application  of  land 
treatment  measures  and  recommended  floodwater  retarding  structures  on 
runoff  at  three  gaging  s tat  ions o The  relative  amounts  are  expressed 
as  percentages  of  present  runoffo  The  average  annual  reduction  in  runoff 
due  to  the  land  treatment  program  was  obtained  by  expansion  of  the 
reductions  computed  in  sample  watersheds  to  the  areas  each  sample  watershed 
representedo  Increased  transpiration  and  evaporation  will  account  for 
part  of  the  additional  water  infiltrated  annually  into  the  soilo  The 
remainder  ms  considered  as  percolating  into  the  deep  ground-water  aqui“ 
fers  or  as  ground^mter  return  flowo  The  part  of  the  amount  infiltrated 
annually  considered  as  ground=water  return  flow  was  determined  from 
estimated  rates  of  return  flow  for  each  geologic  formation  in  the  areao 
The  amount  of  water  percolated  into  deep  aquifers  was  obtained  by  sub-= 
tracting  the  computed  amount  of  return  flow  from  the  additional  amount 
annually  infiltrated  due  to  application  of  complete  land  treatment 
prog ramo 

The  evaporation  from  mter  surfaces  of  recommended  floodmter 
retarding  structures  was  based  on  the  mean  surface  area  in  the  permanent 
pools o Het  evaporation  losses  from  water  surfaces  as  shown  in  table  58 
were  used  in  computing  the  water  losses  from  the  recommended  floodmter 
retarding  structures o 


IQh 


Table  58°  Effect  of  the  Total  Land  Treatment  Program  and 
Recommended  Floodwater  Retarding  Structures  on 
Average  -Annual  Runoff  at  Sal@cted  Stations  l/ 

San  Antonio  River  Watershed g Texas 


0 

g 

s 

s Percent  of 

Condition 

0 

0 

Acre“Feet  s Present 

0 

0 

s Annual  Runoff 

( percent ) 


Cibolo  Creek  at  Falls  City  Gage^  837  square 

miles 

Average  Annual  Runoff 
Increased  Infiltration  Due 

to  Land  Treat- 

90,719 

ment 

17.2)49 

19°  01 

Increased  Return  to  Stream 

Flow 

8.996 

9°91 

Increased  Deep  Percolation 

8.253 

9ol0 

San  Antonio  River  at  Falls 

City  Gage^,  2^,106 

square  miles 

Average  Annual  Runoff 
Increased  Infiltration  i^ue 

to  Land  Treat- 

25U.505 

ment 

52.363 

22o33 

Increased  Return  to  Stream  Flo-w 

26^812 

11. 143 

Increased  Deep  Percolation 

25.551 

10o90 

Evaporation  from  Permanent 

Pools 

2,006 

0085 

Total  Reduction  in  Stream  Flow 

27.557 

llo75 

San  Antonio  ^iver  at  Goliad  Gageg  3 9896  square  miles 


Average  Annual  Runoff 

Increased  Infiltration  Due  to  Land  Treat- 

U05.6IO 

ment 

96.870 

23088 

Increased  Return  to  Stream  Flow 

U8.657 

12o00 

Increased  Deep  Percolation 

U8.21I4 

11 089 

Evaporation  from  Permanent  Pools 

5.599 

1o38 

Total  Reduction  in  Stream  Flow 

53.813 

13°27 

1/  These  figures  represent  the  maximum  changes  expected  as  a result 
™ of  the  -watershed  prog  ram  o 
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Surface  ^"^'ater  Available  for  Irrigation  Use 

In  investig-ating  additional  storage  for  irrigation  use  in  recom= 
mended  floodwater  retarding  structures  the  available  precipitation  -was 
considered  as  being  supplementary  to  the  storage  in  the  structures® 
Floodwater  retarding  structures  in  which  at  least  5 inches  of  irrigation 
storage  capacity  could  be  provided  in  addition  to  detention  storage  were 
investigatedo 

Mass  curves  of  runoff  were  developed  for  several  gaged  areas  in 
order  to  determine  the  expected  volume  of  runoff  for  certain  periods  and 
the  expected  frequency  of  occurrence  of  critical  drought  periods®  An 
inflow-=loss  and  use  balance  sheet  was  used  to  compute  the  monthly  changes 
in  irrigation  storage  in  a reservoir^,  table  59°  period' January  19214.= 

1935  "wrais  selected  since  this  period  includes  the  critical  period  192lt.“ 
1926  and  also  shows  drought  conditions  in  1930  sind  1933°  Oue  to  low 
inflow  and  heavy  evaporation  losses  and  crop  usej,  the  irrigation  pool 
■was  not  restored  until  June  1935o  It  was  assumed  that  the  irrigation 
pool  was  full  at  the  beginning  of  the  period  investigated® 

These  changes  in  stored  volumes  were  related  to  stage-area  and 
stage-runoff  curves®  The  following  computations  were  m-ade  for  each 
months 

lo  Precipitation  in  acre-feet  on  the  surface  area  of  the  reservoir® 

2o  Runoff  in  acre-feet  from  the  total  area  above  the  reservoir  1 
considered  as  inflow® 

3o  Evaporation  in  acre-feet  from  the  mean  surface  area  of  the 
reservoiri  based  on  pan  evaporation  studies  at  San  Antonio^ 
table  60 o 

I4.0  Precipitation  in  acre-feet  on  the  area  under  irrigationi  sub- 
tracted from  the  net  monthly  requirement  of  crops® 

5o  A 60  percent  irrigation  efficiency j,  or  a I5  percent  loss  in 
transmission  and  25  percent  loss  on  the  area  being  irrigatedi 
estimated  by  irrigation  specialist® 

60  Net  monthly  irrigation  requirements  for  alfalfa  -were  determined 
by  the  irrigation  specialisti  alfalfa  requirements  were  used 
as  it  has  the  highest  requirement  of  any  crop  commonly  irrigated® 

Table  59  shows  the  monthly  changes  in  irrigation  storage  as  affected 
by  the  various  factors  listed  above® 

Several  trial  computations  were  made  using  various  amounts  of 
irrigation  storage  and  an  assumed  area  to  be  irrigated^  so  that  sufficient 
storage  would  be  provided  for  season-long  irrigation  throughout  the 
critical  period  selected® 
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Table  59°  Monthly  Changes  in  Irrigation  Storage  as  Affected  by  Inflow®  Evaporation 
and  Irrigation®  58  Acres  of  Alfalfa  =■  Calaveras  Creek®  Floodwater 

Retarding  Site  NOo  2o  l/ 
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Table  60o  Monthly  Evaporation  Data 
San  Antonio  River  kVatersheds  Texas 


Month 

0 

0 

1 Beeville 

■g  Texas  1/ 

§ San  Antonio 5 Texas  2/ 

5 Observed  ? 
s Pan  8 
^Evaporation  s 

Gross  Exapora” 
tion  from  Res= 
ervoir  Surface 

8 Observed 
8 Pan 

8 Evaporation 

sGross  Evapora- 
8 tion  from  Res“ 
8 ervoir  Surface 

( inches ) 

( inches ) 

( inches) 

( inches) 

January 

2o3l 

2ol7 

20)46 

2o32 

February 

2o85 

2 066 

3oO,5 

2o85 

March 

0 

-t- 

U0I8 

I4.014.6 

U.19 

April 

5o22 

Uo9X 

5o53 

5o20 

May 

6o23 

5o85 

6o51 

6012 

June 

7o01 

6«59 

7o95 

747 

July 

lohh 

6.99 

9o09 

8o55 

August 

7o20 

6.77 

9ol9 

806I4. 

September 

5o57 

5o2i+ 

6o8i 

60U0 

October 

h-59 

U.51 

5ol0  - 

Uo79 

November 

3ol8 

2o99 

3o16 

2o97 

December 

20UI4. 

2o30 

2.45 

2o30 

Annual 

580I4.6 

51+.96 

65o7U 

61080 

1/  Pan  coefficient  = 0o9Ul  1915“19U7° 
2/  Pan  coefficient  = 0o9Ul  1907"1930<> 
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An  examination  of  the  data  compiled  in  the  study  revealed  that  net 
evaporation  from  water  surfaces  may  account  for  approximately  [4.I  percent 
of  the  total  inflow  into  a reservoir  where  total  inflow  was  considered, 
as  precipitation  on  the  pool  surface  plus  runoff  from  the  watershedo 

The  computations  of  irrigation  storage  changes  for  one  year  are 
shown  in  table  59 o The  year  1925  was  selected ^ since  it  was  the  most 
critical  in  the  period  January  192)4“June  1955°  There  was  a net  loss  in 
storage  of  28  percent  for  the  year  preceding  1925°  Precipitation  on  the 
area  irrigated  in  1925  amounted  to  only  '^1  percent  of  the  gross  water 
requirement  for  alfalfa o Inflow  into  the  reservoir  accounted  for  approxi 
mately  52  percent  of  the  gross  requirements p which  was  in  turn  further 
reduced  by  evaporationo  The  irrigation  storage  was  reduced  to  zero  at 
the  end  of  December p although  crop  needs  were  meto  Inflow  early  in 
1926  restored  some  of  the  irrigation  storages  with  essentially  no  shortag 
of  water  thereafter o 

Restoration  of  depleted  storage  for  irrigation  was  a slow  process 
since  the  period  selected  also  included  critical  periods  other  than 
19214.“  19260  The  irrigation  storage  pool  was  up  to  full  canacity  in  June 

1955  o 

Evaluations  were  made  for  both  3 <>00  and  I40OO  inches  of  irrigation 
storage  and  the  irrigation  of  58s  8?  a-^d  117  acres  from  a reservoir  (Site 
Number  2p  Calaveras  Creek)  having  5°85  square  miles  of  contributing  drain 
age  areao  This  is  lOp  15a  smd  20  acres  of  irrigated  land  for  each  square 
mile  of  drainage  areao 

It  was  determined  from  evaluations  that  3°00  inches  of  storage  at 
this  site  would  supply  water  for  58  acres  throughout  the  critical  period 
with  essentially  no  crop  losses o If  I5  acres  per  square  milep  or  87 
acres p were  irrigated  a water  deficit  of  approximately  11  percent  could 
be  expected o This  deficit  ¥/ould  amount  to  an  average  of  approximately 
50  percent  monthly  for  53  months  out  of  a total  of  I38  months  in  the 
period  of  studyo  The  shortages  usually  occur  during  the  months  0ctober“ 
February  and  only  slight  effect  on  expected  yields  would  result  0 

If  20  acres  per  square  milep  or  117  acres p were  irrigated  from  the 
933  acre^feet  of  storage  there  would  be  an  estimated  deficit  20  percent 
of  the  timeo  On  an  annual  basis  this  would  result  in  no  irrigation 
one  year  in  fivep  although  expected  yields  would  probably  be  reduced  less 
than  20  percent  due  to  the  fact  that  shortages  for  most  crops  usually 
occur  during  the  dormant  period  0 

Costs  of  Irrigation  Storage 

An  investigation  of  floodwater  retarding  structure  number  9 in 
Calaveras  Creek  was  made  to  determine  the  cost  of  the  storage  and  water 
distribution  features  of  a gravity  irrigation  systemo  Embankment  costs 
estimated  included  only  the  additional  costs  attr ibutab^la  to  the  storage 
of  irrigation  wa.tero  A ^8“acre  areap  or  10  acres  for  each  square  mile 
of  drainage  areap  as  determined  by  earlier  studies  was  used  in  this  trial 
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Figures  and  46  show  pool  plan^,  dam  elevation^  and  typical  dam 

section  as  affected  by  the  irrigation  storageo  ^'he  data  from  soils 
and  topographic  surveys  are  shown  on  figures  I4.7  and  14.80  One  feature  not 
shown  on  the  topographic  map  is  a number  of  old  field  terraces,  all 
slightly  benched,  which  must  be  considered  in  estimating  the  leveling 
costs o Table  6l  shows  the  costs  which  would  be  applicable  to  irrigation 
using  the  criteria  listed  above 0 Comparable  costs  were  obtained  from 
evaluations  of  other  sites  with  the  following  exceptions? 

lo  Earth^fill  costs  varied  widely  between  various  dam  sites o 

2o  Costs  for  clearing  varied  widelyo  In  several  cases  it  was 

necessary  to  include  wooded  land  in  the  irrigated  area  because 
of  insufficient  open  land  located  where  it  could  be  served 
by  a gravity  systemo  It  was  possible  in  all  cases  to  find 
open  upland  suitable  for  sprinkler  irrigation o 

Previous  experience  has  shown  that  a sprinkler  system  for  irrigation, 
exclusive  of  the  TOter  supply,  can  be  set  up  for  approximately  $100  per 
acre  irriratedo  This  is  essentially  the  same  as  the  cost  for  a gravity 
system  with  the  above  exceptions  and  for  areas  up  to  acres 

in  size  either  might  be  usedo  On  larger  systems,  generally  more  than  I50 
acres  in  size,  there  is  a possibility  of  serving  parts  of  the  area  with 
gravity  and  the  remainder  with  the  sprinkler  systemo  It  we.s  found  to  be 
more  economical  in  several  cases  to  use  sprinkler  systems  and  thus  greatly 
reduce  leveling  costs,  avoid  expensive  clearing,  and  utilize  land  lying 
near  the  water  supply o 

An  analysis  of  each  recommended  retarding  structure  site,  where 
sufficient  storage  for  irrigation  could  be  provided,  was  made  to  deter- 
mine  the  suitability  of  soils  for  irrigation,  the  type  of  irrigation 
system  best  adapted  for  each  site,  and  other  pertinent  data,  as  shown  in 
table  62o  No  wooded  areas  are  included  because  of  the  high  clearing 
costs,  and  generally  excessive  leveling  costs e 

Method  of  Determining  Irrigation  Benefits 

The  method  used  in  determining  expected  benefits  from  irrigation 
is  similar  to  that  used  in  determining  expected  benefits  from  intensified 
use  of  flood  plain  lands.  Appendix  VI o The  area  which  would  oe  irrigated 
by  the  proposed  irrigation  systems  is  in  crops  at  presento 

The  average  annual  gross  value  of  production  in  the  area  proposed 
for  irrigation  was  determined  both  for  present  dryland  conditions  and 
under  irrigated  conditions o Costs  of  production,  including  machinery 
expense,  fertilizer,  labor,  water  application  and  an  added  charge  for 
taxes  and  overhead,  was  deducted  from  the  gross  return  to  give  the  net 
increase  in  value  of  annual  productiono  Yields  under  irrigation  are 
shown  in  table  55  <> 
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With  Irrigation  Storage 


Without  Irrigation  Storage 


Figure  46 

SECTIONS  OF  FLOODWATER  RETARDING  STRUCTURE  N0.9 

CALAVERAS  CREEK 
THROUGH  THE  RELEASE  TUBE 
SHOWING  POOL  ELEVATIONS  AND  EMBANKMENT 
WITH  a WITHOUT  IRRIGATION  STORAGE 
SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 

W.C.B.  3-27-52  4-N-8222-I 
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Deep  medium  textured  slowly  permeable  upland  soils  with  loose 
sandy  surface  soils  over  heavy  plastic  clay  subsoils. 

Deep  medium  textured  permeable  alluvial  soils  with  dark  sandy 
loam  surface  soils  over  permeable  sandy  clay  subsoils. 

Wooded  areas. 


Figure  hi 

SOIL  GROUPS 

AREA  BELOW  FLOODWATER  RETARDING  STRUCTURE  N0.9 

CALAVERAS  CREEK 
SAN  ANTONIO  RIVER  WATERSHED 
TEXAS 
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Table  6l o Irrigation  Costs,  Retarding  Structure 
Site  No o 9s  Calaveras  Creek 

San  -^ntonio  River  Watershed,  Texas 


Item 

0 9 

0 0 

s Unit  s 

Number  s 

Total  Cost? 
on  System  ? 

Cost  Per 
Acre  of 
System 

( dollars ) 

(dollars ) 

Additional  Earth  Fill  l/ 

Cuo  Yds 

U2,620 

29. 271 0 00 

609o81 

Leveling 

Acres 

US 

l,UU0c00 

3O0OO 

Construction  of  ^orders 

Lino  Ft« 

Us, 000 

l)4UoOO 

3o00 

Construction  of  Supply 
Canal 

Lin.  Fto 

3.000 

l,lU0o00 

23o75 

Construction  of  Laterals 

Lino  Fto 

15.SU0 

U5O0OO 

9-38 

Outlet  Pipe 

Lin.  Pto 

200 

l,0U0o00 

2I067 

Valve 

No  0 

1 

2OO0OO 

Ua7 

Meter 

Noo 

1 

200 oOO 

h.n 

Stilling  Basin 

No  0 

1 

8O0OO 

I067 

Main  Canal  Checks 

No  c 

3 

6O0OO 

lo25 

Lateral  Checks 

NOo 

20 

180 oOO 

3o75 

Total 

3U,203o00 

712.60 

1/  Includes  additional  core,  stripping,  and  spillway  costs 


i 

1 


i 


1 
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Table  62 o I rrigation  Costs,  FloodT\^ter  Retarding  -Structure  Sites  p 

Calaveras  and  Egcondido  Creeks 

San  Antonio  River  ^tershed,  Texas 


s % 

% 

0 0 

s sAcres 

2 Acres 

2 Dis tributi on2  Total 

2 Additional 

Creek 

iSite  2 Suitable 

2 Suitable 

2S3'’stem  C os ts  2Additi  onal  Embank-- 

Watershed 

:N0o  2 for 

2 for 

2 at  |100  per  2 Embank- 

2ment  Cost 

% 2 Sprinkler 

2 Gravity 

<■/ 

2 Acre  2ment 

2 Per  Acre 

2 sirrigation 

2 Irrigation 

2 sCosts 

s Irrigated 

( dollars) 

(dollars) 

Calaveras 

2 

58 

" 2/ 

5.800 

19.333 

533-33 

5 

y 

1/” 

= 

- 

8 

56 

5.600 

1+1.91+9 

71+9-09 

9 

1+8 

“ 2/ 

[j.,800 

29.271 

609-81 

16 

193 

55 

20,800 

1+8,61^1 

233-83 

18 

67 

0 

6,700 

28,271 

I42I096 

Escondido 

5 

103 

" 2/ 

10,300 

39,225 

33O083 

6 

51 

-y 

5,100 

38,686 

758. 5F 

8 

90 

" 2/ 

9.000 

36.891 

I4.09-90 

10 

22 

= 2/ 

2,200 

16,132 

733-27 

11 

133 

“ 1/ 

13,300 

50,396 

378 o92 

Total 

725 

111 

83,600 

3U8.795 

U17-22 

1/  Small  acreage  and  oil  field  make  this  site  undesirable  for  irrigationo 

2/  Small  acreage  available  -will  not  justify  a gravity  systerao 

3/  Clearing  costs  excessive  on  land  suitable  for  a gravity  systemo 

NOTE;  Only  enough  acreage  to  utilize  the  available  water  at  10  acres 
per  square  mile  of  drainage  area  was  included  in  the  investiga= 
tiono 
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Water  deficiencies  as  they  affect  crop  production  during  the  12-year 
period  studied  were  considered  in  determining  the  average  annual  net 
value  of  production  o ^^or  example  j,  with  I5  acres  irrigated  per  square 
mile  of  drainage  area^  the  loss  in  crop  production  would  be  the  equivalent 
of  lo5  years  in  12|  with  20  acres  irrigated  a loss  of  20I4.  years© 

Average  annual  irrigation  benefits  were  determined  for  10  acres ^ 

1^  acres  and  20  acres  irrigated  per  square  mile  of  drainage  area©  A 
siimmary  of  average  annual  net  benefits  is  shown  in  table  630 

Annual  Installation  and  Maintenance  Costs 


Installation  costs  were  calculated  for  each  irrigation  site  and  were 
converted  to  an  annual  basis  by  the  folio-wing  methods? 

lo  Additional  construction  costs  of  embankment  on  the  retarding 
structures  were  amortized  over  a 75“y©ar  period  at  a L|.  percent 
interest  rate© 

2©  The  annual  cost  of  the  gravity  distribution  system  was  obtained 
by  multiplying  the  distribution  cost  by  an  interest  rate  of  I4. 
percent  © 

3o  Embankment  costs  with  a sprinkler  system  of  irrigation  remained 
the  same  as  with  a gravity  system© 

I|.o  The  annual  cost  of  the  sprinkler  distribution  system  -was 
amortized  over  a 10=year  period  at  I4.  percent  interest© 

The  installation  cost  of  either  distribution  system  is  estimated 
at  IlOO  per  acre  irrigated©  Annual  maintenance  cost  of  the  gravity 
irrigation  system  is  estimated  to  b e 10  percent  of  the  installation  cost 
and  for  the  sprinkler  irrigation  system  5 percent  of  the  installation 
cost©  ^ summary  of  estimated  annual  costs  of  the  proposed  irrigation 
systems  with  various  acreages  irrigated  per  square  mile  of  drainage  area 
is  shown  in  table  6I4.0 

Comparison  of  Average  Annual  Benefit  and  Cost 

A comparison  of  the  average  annual  benefit  with  the  average  annual 
cost  provides  the  economic  evaluation  of  the  irrigation  systems© 

An  irrigation  system  with  15  acres  irrigated  per  square  mile  of 
drainage  area  gives  the  most  favorable  benefit-cost  ratio© 

A summary  and  comparison  of  benefit-cost  ratios  with  various  acreages 
irrigated  is  shown  in  table  65 o 


CONCLUSIONS 


lo  Provision  for  irrigation  storage  would  be  economically  feasible 
at  a number  of  retarding  structure  sites© 
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Table  63 • Summary  of  Average  Annual  Net  benefits ^ 
1950  Prices  a with  Specified  Acres  Irrigated 
per  Square  Mile  of  Drainage  Area 

San  Antonio  River  Watershed^,  Texas 


Watershed  s Site  % 10  Acres  2 I5  Acres  s 20  Acres 

i Number  s % % 

— — (dollars)  (dollars)  ( dollars) 


Calaveras  Creek 


2 

2,381 

5,153 

3.570 

8 

2,100 

2,790 

3.205 

9 

I.9U5 

2,609 

2.95I4 

16 

8,263 

11.1142 

12,636 

18 

2.715 

3,62U 

I+.I23 

5 

4,775 

6.437 

7.294 

6 

2,364 

3.143 

4,142 

8 

4.171 

5.599 

6,373 

10 

1,020 

1.369 

1.558 

11 

6,164 

8,305 

9,419 

Escondido  Greek 


Table  6i|o  l-stiinated  Annual  Costs  of  Proposed  Irrigation  Systems  ^ 195^  Prices 
with  Specified  Acres  Irrigated  per  Square  Miles  of  Drainage  Area 
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Table  65<>  Summary  and  Comparison  of  Benefit-Cost 
Ratios  1/  of  Proposed  Irrigation  Systems 

San  Antonio  River  Watershed^  Texas 


Watershed  t 

Site 

Noo 

sWith  10  Acres 
sPer  Square  Mile 
sof  iVainage  Area 

sWith  15  Acres 
sPer  Square  Mile 
sof  Drainage  Area 

;With  20  Acres 
sPer  Square  Mile 
sof  Drainage  Area 

Calaveras  Creek 

2 

lo51sl 

loU2gl 

8 

0o80sl 

0o92sl 

0c95sl 

9 

0o97sl 

I0O91I 

lo07sl 

16 

lo5l+sl 

lo6lgl 

1 0)485! 

18 

lo21sl 

lo32sl 

lo26sl 

Escondido  Creek 

5 

lo3Usl 

loI+Sgl 

loi42sl 

6 

0o90sl 

loOUsl 

lo22sl 

8 

lo28?l 

loU2tl 

lo38sl 

10 

Oo902l 

1.05sl 

lo06sl 

11 

iol4i+a 

io57a 

I49!i 

1/  Based  on  1950  Prices,  Received  and  Paid  by  Farmers o 
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2o  Legal  requirements  for  impounding  surface  water  for  irrigation 
purposes  should  be  met  before  planning  irrigation  storage  in 
any  floodwater  retarding  structure c All  normal  flows  have  been 
appropriated  for  the  months  April  through  September,  and  only 
flood  flows  in  excess  of  normal  flows  or  flows  which  occur  in 
other  periods  may  be  appr opr iated o 

3o  Storage  capacity  for  at  least  3 inches  of  runoff  from  the 

drainage  area  is  necessary  to  insure  economical  construction 
and  a practical  irrigation  systemo 

I4.0  Storage  is  considered  uneconomical  on  sites  where  embankment 
costs  exceed  $6j,500  per  square  mile  of  contributing  drainage 
area  above  the  siteo  Lower  embankment  costs,  combined  with 
distribution  costs,  will  produce  a ratio  of  increased  production 
or  benefit  to  increased  costs  which  will  insure  a profit  from 
the  installat ion o 

5o  The  production  of  specialized  crops,  such  as  grass  or  legume 
seedj,  offers  an  opportunity  to  obtain  greater  returns  from 
installation  of  an  irrigation  systemo  In  cases  of  this  type, 
increased  costs  of  embankment  for  storage  may  be  justifiedo 

60  The  experience  and  knowledge  of  the  proposed  irrigator,  the 

market  for  products  available,  capital  available  and  the  economic 
situation  should  be  considered  during  evaluation  of  the  individual 
site  and  should  weigh  heavily  in  comparison  with  straight  benefit- 
cost  evaluationo 
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